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IT PAYS (Tl) 

In the June issue editorial we dis- 
cussed the subject of advertising and 
its effect on each of us as part of the 
general consuming public. In the two 
months that have passed since then you 
have had a chance to look at quite a 
few magazines. Did you follow our sug- 
gestion and check some of the adver- 
tising? Didn't you learn something new 
and valuable that you wouldn't other- 
wise have picked up? 

Let us now take a look at another 
the effect of adver- 


tising on each of us as employes of the 


side of the picture 


companies we work for 

In the first place, each of us receiv- 
ing this copy of IQC also receives one 
or more other trade or business publi- 
cations whose editorial content is de- 
igned to keep us abreast of the latest 
developments in our particular fields of 
interest. It is almost axiomatic that 


better performance of our jobs and 
hence better service our employers 
is achieved through this method of 
self education 

Everyone recognizes that his profes- 
sional development and service to his 
company is greatly improved by the 
technical information gleaned from the 
business magazines he reads. But did 
you ever stop to think that each of us 
owes to our employers more than just 
technical excellence There is much 
more to most of our jobs than the com 
uitable sampling plan 
the calculation of control limits for 


operation 14 on part No. XYZ 


To some extent this broadness de- 


putation of a 


pends directly on the quality control 
program in each parti ular company 
Much has been published in IQC on the 
place of statistical quality control in the 
industrial organization; much more will 
continue to be published. A good many 
companies have had demonstrated first 
hand the real value of a quality control 
department which is set up as a service 
organization to assist all of the other 
departments including management 
itself. Each day finds more and more 
companies discovering this real value 
of a quality control program, but fa 
too many are still thinking in terms 
of the “quality control” of ten years 
ago. They have not yet expanded their 
QC programs either because of lack of 
knowledge as to how useful such a 
program ci be to them. A certain 
conservative warines and show-me 
attitude 
vided they are 
or a bitter experience with an ineptly 


which i pertectly good pro- 


willing to be shown 
managed program which has forced 
them to relegate their QC program to 
the dark recesses if not get rid of it 
iltogether. This latter condition is, of 
nevertheless 


course infrequent but 


most deplorable for the particular 


It is one of ASQC’s 


major aims to provide all members with 


company affected 


sufficient, continually expanding know!l- 
edge to enable us to render the profes- 
sional service to our companies that we 
should be rendering to eliminate this 


sort of thing completely 
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problem, whether it be in inspection 
production 
design 
ing, administrative procedures or man 


which we can work so that all com- 
panies can enjoy the benefits of a real 
quality control program, is it readily 
apparent that we owe our employers on technical advancements published in 
quite a little more than mere technical 


excellence and proficiency in handling 
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Before returning to the main track tatistical quality control techniques? 
pause long enough to ob 
serve that statistical quality control is a one of many that we should have? 


decision tool. When we speak of qual 


again, let Can you see that this proficiency is only 

rhis brings us back now to the role 
ity” we are referring not just to the of advertising in business publications 
and in particular in IQC. A good many 
people regard all advertising as one 


physical “quality” of the manufactured 
product, we refer specifically to con 
trolling the “quality” of any decision of those necessary evils they call 
we ure called upon to make. A truly commercialism.” This is not too un 
useful Quality Control Program there common an attitude among the pro 
fore makes use of this concept and is so fessional societies and has spread 


imply because of the few very poor 


located in the organization 


that the director of quality and his staff 


company 
Industrial 


advertisers have made great progress 


ads that continue to appear 


can assist in applying statistical quality 
decision in deve loping conscientious advertising 


control techniques to any 


programs; they are continuing to work 
manufecture, engineering on the problems—and there are many 
research, accounting, purchas- Actually rather than to categorically 
condemn all advertising because of the 


few poor ones, we should regard the 


agement 


advertising content of our business 


With this 


concept a8 a goal toward 
publications as simply another area in 


which we should keep up to date in 
the same way that we keep up to dat 


the editorial columns of the magazine 


(Continued on page 40) 
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Department Store Uses of Statistical 


The 


store 


modern, large department 


is deceptive. In appearance, 
involve 


merchandise to 


its main activities seem to 
the selling of 
fact 
every employee assigned to the sell- 
ing floor 
employees engaged in nonselling ac- 


And for 


needed for a 


only 


customers. In however, for 


there are probably two 


tivities every piece ol 


paper customer trans- 


action, there may be five pieces 
needed to get the merchandise from 
Such 
diverse activities mean, consequent- 
ly, that the majority of statistical 
quality control 


found 


the vendor to the selling floor 


opportunities are 
the selling floor but 


behind the scenes 


not on 


behind-the-scene 
found in the 
departments, in the operational di- 
different aspects of 
This 


will discuss some interesting exam- 


These applica- 


tions are accounting 


vision, and in 


overall management article 


ples of such applications, drawing 
upon experiments carried out at The 
Emporium, San 
department store 


Francisco's lar gest 


APPLICATIONS IN 
ACCOUNTING 
A good illustration of an account- 
ing application is found in Accounts 
Payable, the department that pays 
At The 


suspected that com- 


the bills owed by the store 
Emporium we 
pletely double-checking the invoice 
extensions three 


made by experi- 


enced comptometer operators was 
unprofitable, although some control 
15,000 in- 


that costly 


Analysis of 
(1) 


errors were concentrated 


was desired 
voices demonstrated 
in the in- 
voices representing very 
(2) 
actually 


large pur- 


chases and only very few in- 


voices contained = errors 
This situation clearly suggested the 
possibility of a sampling plan of the 


We 
treating 


acceptance/rectification type 


inaugurated such a plan, 


output of about 
$500 in 
(the 
invoices continued to be 
checked. ) The 
lots, which constituted about 80 per- 
the total 


each operator's 
1,000 


as an 


invoices under value 


inspection lot larger- 
valued 
double inspection 


cent of were sampled 
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The Emporium, San Francisco 


when accumulated, usually once a 
day, according to a previously des- 
ignated Dodge-Romig double-sam- 
pling AOQL plan 


acceptable, the entire inspection lot 


If the sample was 


was accepted as containing correctly 
extended invoices. If the sample was 
notified 
inspection lot 
Since the 
were capable of producing work well 
within the AOQL used, and usually 
did, the principal causes of errors 


rejected, the operator was 
the 


re-extended 


and entire was 


operators 


were carelessness, fatigue, or illness 
Significantly, Mondays and Fridays 
the likely to see 
rejected lots 


were days most 


This plan enabled us to eliminate 
nearly eight hours of checking-time 
daily 
the 
Subsequent 


without mater ially increasing 


number of undetected errors 
analysis by auditing 
that less than 1/10 


of one percent of the accepted in- 


teams indicated 
In addition 
since the operators soon materially 
their 
able to lighten the inspection stand- 


voices contained errors 


improved accuracy, we were 
ards in a short time, producing addi- 
tional savings in time and expense 
New ot! 
were sampled with the stricter plan 
until their abilities were established 


inexperienced operators 


A similar application was found in 
Accounts Receivable, the depart- 
ment bills owed to the 
The charge account slips are 
filed in 


ranged drawers, 


handling 
store 
large, alphabetically-a: 
with each drawe1 
containing the file cards of about one 
The drawers are 
clerks 
are then each responsible for 
20,000 of 


Since misfiled 


thousand accounts 


assigned to individual who 


cor- 
rectly filing about the 
charge-slips monthly 
slips usually result in billing one 
purchased 


bill to 


suc h errors pro- 


customer for items not 


and submitting a corrected 


the other customer 


*The author wishes to acknowledge his 
gratitude to the executives of The Emporium 
for their cooperation, advice, and assistance 
Messrs. Howard Carver and Walter Kaplan 
deserve particular mention. Miss Betty Le 
garra of the Research Department assisted 
materially in carrying out the actual exper- 
iments. The author is currently employed 
by the Union Oi) Company of California 


Qa 


duce adverse customer reaction, and, 
of course, should be minimized 


The established procedure for de- 
tecting the 
each of the twenty clerks to devote 


misfiled slips required 
about one hour daily to checking the 
files of one of the other clerks. The 
such a_ repetitious 


chec king was 


procedure, however, that even afte: 
100 percent verification, we still re- 
ceived about 50 customer complaints 
monthly that were directly traceable 


to misfiled slips 


We started keeping detailed rec- 
ords of all misfiled slips located by 
the 
months 


within 
three of 


and two 
that the 
clerks were responsible for 
Un 


three 


checking, 
found 
twenty 
nearly 90 percent of all errors 
der close these 
clerks 


the others 


supervision 


soon became as efficient as 
for they had apparently 


We 


tuted a sampling plan similar to the 


simply become careless insti 


acceptance/rectification plan de- 
scribed previously—using one draw 


er as an inspection lot—and within 
a few weeks practically no errors 
were being detected. At the 
the filing of new 
clerks is checked, with the 
work of the regular clerks sampled 
This appli- 
cation enabled us to nearly eliminate 
the the 


time customer! 


pres- 


ent time onl: 


double 
at infrequent intervals 


checking, while, at same 


the number of com- 
plaints traceable to misfiled tags re 


mained essentially unchanged 


Similar illustrations exist in other 
accounting departments 
Sales Audit, 
Payroll. However, 


amples 


such as 
Audit 
these ex- 
the 
shal! turn to some 


Internal and 
since 
are analogous to two 
just described, we 
interesting applications found on the 
the 


experiments 


department 
both 


elsewhere 


operating side of 
store describing 
at The 
Although 
illustrate sample surveys instead of 
they 


because of 


Emporium and 


some of these examples 
strict statistical quality control 
both 


and 


are included here 
thei: 


they 


general interest because 


have served to acquaint de 
with the 


advantages of statistical methods 


partment store executives 





OTHER APPLICATIONS 


An interesting application was re- 
ported recently by a large eastern 
store. Their wrapping and packing 
department was experiencing an un- 
usual number of complaints due to 
damaged goods or improperly filled 
orders. Since the orders could not 
be checked completely without un- 
due expense, the store decided to 
install a sequential sampling scheme 
to control the quality of the wrap- 
ping and packing work. Samples 
were drawn at random time inter- 
vals, and when low quality work 
was detected, subsequent packages 
were completely checked until a 
specified number were found to be 
correctly processed. The plan proved 
to be quite successful, with the em- 
ployees becoming quality conscious 
and customer complaints quickly 


dropping to reasonable levels. 


The J. L. Hudson Company, De- 
troit’s largest, and the nation’s sec- 
ond largest department store, has 
applied sampling techniques to study 
the activities of their supervisory 
personnel, By analyzing the actions 
of their 150 floor managers at ran- 
dom intervals during the day—they 
call it “work sampling’-—the man- 
agement was able to fit together an 
accurate picture, at a small cost, of 
just how the floor managers spent 
their working hours. An interesting 
finding—and one that all customers 
must suspect occasionally of all 
stores—was that their managers had 
so much supervisory and detail 
work that they were forced to neg- 
lect their primary responsibility of 
attending to customer's needs. Con- 
sequently, in addition to substan- 
tially increasing their staff of floor 
managers, the store also divided the 
job into different responsibilities, 
thus providing much-improved 
service to their customers. The 
“work sampling” studies are being 
extended to appraise other impor- 
tant supervisory jobs. 


We have used sampling for similar 
purposes at The Emporium. For ex- 
ample, by analyzing the sales pat- 
tern of randomly selected depart- 
ments, we were able to determine, 
from a ten percent sample, just how 
the sales were distributed through- 
out the day. This information en- 
abled us to evaluate the expenses 
of night openings and other alterna- 
tive operating schedules 


Statistical sampling has also been 
used to advantage in analyzing the 
competitive effects of branch store 
operations. By studying the shop- 
ping habits of a randomly selected 


sample of charge account custom- 
ers, we were able to obtain an ap- 
proximate measure of the extent to 
which The Emporium’s new, nearby 
branch store was cutting into the 
sales of the main store. 


INVENTORY APPLICATION 


The examples discussed thus far 
were selected principally to illus- 
trate the variety of department store 
operations that can be improved by 
the use of sample surveys and qual- 
ity control techniques. The sam- 
pling plans and other details have 
been discussed only broadly, for we 
are interested mainly in the kinds of 
opportunities that exist. There is, 
however, one application that de- 
serves consideration in greater de- 
tail. This application, which involves 
the use of quality control in taking 
the merchandise inventory, is of 
general interest not only because 
the inventory is an essential but 
costly part of operating a depart- 
ment store, but also because the 
technique we have employed has 
potential uses in many other busi- 
nesses where merchandise invento- 
ries must be physically verified from 
time to time. 

The merchandise inventory is 
taken in two parts, the reserve 
(warehouse) stock and the forward 
{on-the-floor) stock. The count of 
the reserve stock presents no un- 
usual problems. However, the count 
of the forward stock, which may in- 
clude as many as two million sepa- 
rate items, is complicated by the 
requirement that no merchandise 
ready for sale should be tied up 
more than a few hours. The inven- 
tory is usually taken annually, as 
at The Emporium, and involves 
nearly every executive and regular 
employee in the store. It is, of 
course, necessary that the count be 
quite accurate, for the inventory 
figure is used for many accounting 
purposes, including the determina- 
tion of total profits 

The forward inventory count is 
carried out by dividing each de- 
partment of the store into sections 
and assigning a two-person team to 
each section. These teams may con- 
sist of regular store employees or 
temporary workers hired especially 
for the inventcry. One member of 
the team calls information about the 
stock from the shelves, tables, bins, 
etc., and the other enters the items 
on the inventory sheet. The stock is 
listed by price, description, quantity, 
classification within the store, and 
season letter. This count is carried 
out under considerable time pres- 


sure. Prior to our investigation, a 
100 percent check had always been 
made of all work performed in the 
forward inventory, as it was believed 
that such a check was necessary for 
reliable results. This 100 percent 
check nearly doubled the cost of the 
inventory and also nearly doubled 
the time required 

We analyzed the existing proce- 
dure to determine the possibility of 
substituting an acceptance/rectifi- 
cation sampling scheme for the 100 
percent double check of the forward 
inventory. Such a procedure seemed 
feasible, since the errors that were 
presumably corrected in the 100 
percent verification those 
within the control of the inventory 
Fortunately, information 
frequency, and 


were 


teams 
about the types, 
severity of errors that had been 
discovered by the check inventory 
teams in past years could be ob- 
tained by examining the old inven- 
tory sheets. No corrections to in- 
ventory sheets have ever been per- 
mitted by erasure; every correction 
requires calling the inventory su- 
pervisor, crossing out the improper 
entry, and making the corrected 
entry at the bottom of the sheet 
By examining the handwriting of 
the corrected entries, we could tell 
whether the correction had been 
made by the original team or by the 
checking team 

Some 3,000 inventory sheets from 
the previous year were analyzed in 
this manner. The analysis indicated 
clearly that a few teams were usual- 
ly responsible for most of the errors 
made in any department. A large 
majority of the teams produced work 
of quite respectable accuracy. Large 
errors in price or quantity were 
infrequent, the most common errors 
being over or under one unit in 
physical count, one dollar off in 
price, or listing the wrong season 
letter. Different of goods 
seemed to differ greatly in their 
liability to inventory error 


types 


As a result of this analysis, we 
inaugurated an inventory sampling 
plan for the January 1950 inventory 
(The 100 percent double check was 
maintained in a very few spots, 
particularly on lines of merchandise 
where an error in count would 
prove costly.) The inventory took 
place during two 4-hour periods 
from 6 to 10 p.m. following regular 
working days. The work of each 
inventory team was sampled by a 
“flying inspection squad” of experi- 
enced store employees. If the sam- 
ple proved satisfactory, the entire 
night’s output of the team was ap- 
proved. If the sample contained too 
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many errors, the team was immedi- 
ately notified of the fact and its 
procedure was closely observed; all 
of its previous work was checked 
100 percent 
sampled again (on a stricter basis) 
with the possibility of a future 100 
percent check 


subsequent work was 


For the sampling procedure, we 
selected different Dodge- 
Romig double-sampling AOQL 
plans. The plan to be applied to 
each department was selected on 
the basis of the analysis of the pre- 


three 


vious year’s inventory sheets, giving 
weight to the type and value of 
merchandise and the probable num- 
ber of inventory entries. In the use 
of the sampling tables, one line on 
the inventory sheet (typically rep- 
resenting ten to 125 items) corre- 
sponded to a single manufactured 
article sub,ect to inspection; any 
error on the line caused its classifi- 
cation as a defective. However, a 
line that was correct except for an 
error in season letter was counted 
as only one-half a defective; this 
error affected neither the count nor 
the value of the merchandise, but 
only its estimated age distribution 


The sampling plans were selected 
having OC curves indicating that 
not more than 20 percent of the 
total work would be rejected and 
reinspected. This decision was an 
essential part of the planning of the 
inventory as it determined the num- 
teams to be 


ber of reinspection 


proy ided 


The result of this 
scheme for three different years is 
summarized in the following tabula- 


inspection 


tion, showing for each year the 


number of teams inspected and the 
percent rejected 

Number of Teams Percent 
Year Inspected 
1950 162 
1951 163 
1952 535 


Total 1,460 


Rejec ted 


For each of these three years the 
rejection rate varied within narrow 
limits, from a high of 12.5 percent 
to a low of 10.8 percent. The sam- 
pling procedure functioned smootn- 
ly, with no more than the antici- 
pated number of difficulties. The 
substantial increase in teams in- 
spected in 1952 was the result of 
adding departments that were pre 
viously checked 100 percent. As we 
became increasingly confident in the 
ability of the “flying squads” to sin- 
gle out the inefficient, error-prone 
teams, we 100 checked 


fewer and fewer of the departments 


percent 


containing expensive price lines 
Near the end of each inventory 
there were invariably a few idle 
teams All 
were instructed to use these idle 


inventory supervisors 


teams in double-checking even 
though the work has been approved 
by the sample checks made by one 
As a result of 


amount ol 


of the flying squads 
this instruction, a fai 
approved work was double checked 
In order to evaluate the efficiency 
of the sampling plan, we made a 
detailed investigation of the errors 
located in checking the approved 
work and contrasted them to those 
located 
work 


This analysis proved conclusively 


in checking the rejected 


that the sampling procedure had 
really 


inefficient teams from the efficient 


succeeded in separating the, 





teams. In almost every case the 
double-checking of approved teams 


revealed only a bare minimum ol! 
consistent with the 


errors, quite 
AOQL used. The work of the re 
jected teams produced additional 
errors in over 90 percent of the 
We found that, on 


team 


cases examined 
the average, the approved 
about 30 percent 
items in the same time period as 


counted more 
the rejected teams, while commit- 
ting less than one-fourth as many 
errors 

The store executives and auditors 
have been well pleased with this 
application of statistical sampling 
methods. The savings in direct la- 
bor costs were substantial (several 
thousand dollars annually). In addi- 
tion, indirect savings resulted from 
the reduction in time required foi 


the inventory 


CONCLUSION 


The examples described represent 
only a few of the possibilities that 
exist in today’s modern department 
Although our 
have clearly demonstrated the po- 


store experiments 
tentialities of quality control, sam 


ple surveys, and other statistical 


procedures, we have thus far in- 
vestigated only the more obvious 
applications. New techniques, a 
we all know, must advance slowly 


and soundly We 


confidence of those involved, con 


must gain the 


vincing them that the new proce 
dure is superior to the old one, In 
the intensely competitive markets of 
really 


today, only one answer 


counts Does the new procedure 
mean greater profits than the old 
one? This is the question that we 


asked at The Emporium. We are 


pleased with the answet! 


Some Applications of Quality Control 


Techniques to Clerical Work 


ROBERT B. SELOVER 


The Prudential Insurance Company of America 


INTRODUCTION 


This article will describe two ap- 
plications we have made of quality 
control to clerical operations. These 
examples will demonstrate that 


there are applications of quality 
control techniques to clerical work 
as well as to industrial production 


Our experience convinces us that 
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very real gains can be made in both 
the quality and economy of ou 
work by application of quite com- 
mon concepts and methods. Dis- 
cussing these two examples of our 
work will 
psychological principles used to en- 
Effective ap- 
plications of principles of learning 


point up some ol the 
courage Improvement 


and motivation have been made in 


Since the e con 


cepts have not been discussed previ 


these programs 


ously they will be emphasized in 


this article 
DEVELOPMENT OF PROGRAM 
Dr. Bennet Murdock first made 


application in our company of qual 
ity control techniques in June, 1949 
This first attempt applied to work 





involved in making changes in life 
insurance policies requested by the 
insured, was so successful that many 
further programs followed. We have 
operated programs in 35 different 
work groups in 12 different divisions 
of the company. The applications 
have covered a variety of clerical 
work from simple repetitive tasks 
such as filing, to complex work such 
as underwriting and correspond- 
ence. Almost without exception im- 
provement has been striking at first, 
followed by more gradual improve- 
ment, A graph of the percent of 
cases handled correctly appears 
much like a typical learning curve 
which improves rapidly at first fol- 
lowed by a more gradual increase 
Much of what we do is to apply 
principles and methods which will 
facilitate learning 


METHODS OF APPROACH 


Although each application § of 
quality control is different because 
of the nature of the work done, per- 
haps we can best explain how we 
make an installation by giving an 
example. There are several differ- 
ences between our approach and the 
more commonly used methods in 
industrial quality control. First of 
all, we are primarily interested in 
improving the performance of peo- 
ple rather than controlling the qual- 
ity of machines. It is for this reason 
that we refer to our work as quality 
improvement Clerical work is 
either right or wrong and therefore 
we deal with attributes rather than 
variables. Mechanical means are 
generally not available to determine 
clerical accuracy and therefore we 
place great reliance on the inspec- 
tor’s knowledge and judgment. The 
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inspection of work is made by one 
of the clerks, whom we call a Qual- 
ity Reviewer, rather than by an out- 
sider. We realize, of course, that 
disadvantages can result from this 
procedure but we feel that the ad- 
vantages we gain are more impor- 
tant. Quality Reviewers are 
changed periodically so that each 
person in the section acts as a re- 
viewer. Thus, each clerk has the 
opportunity to see the work of other 
members of the section and can 
learn from this experience. Em- 
ployees frequently become more 
personally involved in the goal of 
improving the quality of work after 
they have had experience as a re- 
viewer 


Figure 1 shows schematically how 
a program might operate in a typical 
section. Work comes into the section 
distributed to the clerical 
After the work is completed 


and is 
group 
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it is sent to a control desk. A repre- 
sentative sample of the work is 
taken from the control desk by the 
Quality Reviewer. This sample of 
work is then carefully checked for 
accuracy and completeness. A tally 
is made of the number and types of 
inaccuracies found. Error cases are 
sent to the supervisor who returns 
them for correction to the clerks 
who made the errors. The correct 
cases are returned to the control 
desk from which they leave the di- 
vision along with the rest of the 
completed work. The error informa- 
tion is sent to the Quality Improve- 
ment Section where it is analyzed to 
determine significant changes which 
have occurred in the accuracy of the 
work and to determine, insofar as 
possible, the causes for the inaccu- 
racies. If systematic errors are ob- 
served, the Quality Improvement 
Staff attempts to discover whether 
or not some of the processes, forms 
source material or method operates 
to facilitate making the errors. Each 
week the results are tabulated by 
the Quality Improvement Section 
and distributed to the management 
in the division. Periodic reports con- 
taining analyses and suggestions are 
also prepared and sent to interested 
individuals. Each week a quality 
graph is prepared for distribution 
This tells the story of 
quality at a glance, even though it 
may oversimplify progress. Each 
installation is, of course, different 
because of the nature of the work 
methods 


improved 


done and the used in 


processing the work 


RESULTS 
Typical results of a program are 


shown in Fig. 2. This program was 
carried out on a simple card filing 
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operation.* The cards in this file are 
used for reference to basic informa- 
tion about life insurance policies 
A card is removed from the file and 
sent to another division when a 
change in the policy is requested 
When the cards are returned they 
must, of course, be refiled. It is the 
accuracy of this refiling operation 
that is represented by the graph 
Approximately 40,000 cards are re- 
filed each week. The work is done 
as a part-time job by about 60 cler- 
ical employees each afternoon. The 
cards filed correctly started at 98 
percent and improved to about 99.4 
percent over a period of a half a yea 
The question arises as to the im- 
portance of this improvement to the 
division’s operation. Since this was 
only one of several programs of 
quality improvement carried out in 
the division, an exact assessment of 
its contribution to the improvement 
is difficult. One indication is given, 
however, by the amount of time re- 
cards reported 
When a card 
cannot be located a special search 
is, of course, necessary. Before the 
quality improvement program was 
installed, this tracing operation re- 
quired special personnel as well as 
supervisory time. Since the begin- 
ning of the program the amount of 
time spent in this tracing operation 
has reduced by about one half. This 
discontinued afte 


quired to locate 


missing from the file 


program was 
seven months’ operation because it 
appeared that further improvement 
should not be expected. A period- 
ical review is made of the filing in 
order to assure ourselves of the 
continuation of the improved ac- 
curacy obtained by the program 


*This program and the one following were 
planned and supervised by Joseph Quade 
and Blair Olmstead, respectively. who are 
members of the Quality Improvement Se 
tior 
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The second program we = shall 
mention is also on a filing operation 
In this case we are interested in the 
accuracy with which billing cards 
are picked in order to audit premi- 
um receipts received from ow 
branch offices. These billing cards 
are punch cards which contain iden- 
tifying information and the amount 
of premium which is due. The bill- 
ing cards picked must agree exactly 
with the receipts received in orde 
to prove the report 

After the cards have been picked 
they are sent to the machine room 
where a tabulator listing is made 
showing each premium due. Totals 
are shown for each district. This 
report is then returned to an audit 
clerk who compares this listing with 
the branch office report. If they do 
not agree, the audit clerk must de- 
termine why and arrange for the 
errors to be corrected. After an 
error is found, the correct billing 
cards are sent to the machine room 
and the report “rerun.’ 

The program in this section was 
started on March 13, 1952. A sum- 
mary of the results are shown in 
Fig. 3. The error rate at that time 
was 0.7 percent. At the 
time the error rate is fluctuating 
between 0.1 and 0.2 percent. It is 
interesting to note the shape of the 
graph of improvement, One might 
expect that changes within such a 
small range of accuracy would be 
haphazard and perhaps defy ex- 
planation. However, each year there 
is a very large change of personnel 
in this section. We employ high 
school graduates during June and 
July and assign many to this work 
People who have been in this section 


present 


are moved on to other jobs The 
quality of performance shows a very 
noticeable drop in August each yea: 
which is apparently related to this 


change in personnel. Over the peri- 


od of two years a significant im- 
provement is evident. Although the 
change in the percent of cases han- 
dled correctly was small, it had a 
very marked effect on the number 
of reruns necessary in the machine 
room. The number of reruns re- 
quired to prove the accounts has 
been reduced from about 40 percent 
in 1952 to slightly under 20 percent 
at the present time. This, of course, 
has greatly reduced time in the ma- 
chine room to perform the opera- 
tions 


DISCUSSIONS 

There are several factors which 
we believe operate to produce the 
improvement we characteristically 
observe in these programs. These 
might be divided into two general 
classes. First, changes are made in 
methods and procedures which re- 
duces the possibility of making an 
Second, principles of learning 
introduced 


error 
and motivation § are 
which encourage improvement 

In the first 
methods changes included improved 
physical condition of the file. An 
improved use of card notching was 
introduced which made it quite ap- 
parent when a card was misfiled in 
the wrong drawer. A more adequate 
presort was also introduced before 
the cards were refiled. In the second 
example, methods changes included 
improving the legibility of the bill- 
ing card by changing the color bor- 
der used, and improving the ink 
used in interpreting cards. The file 
itself was moved to a better location 
lighting and 
proved. These changes, we believe 
had a real effect in reducing the 
possibility of error in processing the 
work 

The principles of learning intro- 
duced in these programs are per- 
haps less readily identified but 
nevertheless important. First, just 
getting objective about quality, that 
is, defining it so that it could be 
effect 


something 


example presented, 


and the space im- 


counted, has an 
Quality then 
which can be 
and plotted, rather than a nebulous 
ill-defined but desirable character- 
istic. By measuring quality of per- 
formance, employees are shown in 
a very real way that management is 
genuinely interested in their pro- 
ducing work of high quality. If em- 
ployees do not have that under- 


important 
becomes 


observed, measured 


standing, we can hardly expect them 
to be greatly concerned about thei: 
accuracy 

Learning is greatly facilitated by 


clear-cut goals toward which to 


work Intermediate or sub-goals 


which can be attained within a 





reasonable time are more effective 
in producing learning than distant 
and difficult goals. Measuring qual- 
ity makes it possible to set up ob- 
jectives which are within easy reach 
of employees and thus encourages 
improvement 

The importance of knowledge of 
results has been demonstrated in all 
kinds of learning situations. Studies 
have shown that in the absence of 
knowledge of extended 
practice produces little, if any, im- 
provement. Further, it is found that 
immediate knowledge is most effec- 
tive in facilitating improvement. As 
the time interval is lengthened be- 
tween performing an operation and 
information its correctness, 
learning becomes more difficult 
Studies have also shown that the 
information given should be as defi- 
nite and complete as possible. These 


results, 


about 


basic concepts are encouraged by a 
program which reports quickly and 
accurately the kinds of errors that 
have been made. You perhaps have 
heard a supervisor say, “I told them 
exactly how many errors they made 
and they haven't improved in the 


least.” Of course, one should not 
expect improvement in the absence 
of exact information about what was 
done incorrectly. Employees need 
to be given knowledge of their per- 
formance in exact terms. Results 
should be furnished quickly and 
automatically to be most effective 
in improving performance 


The results of quality are meas- 
ured in terms of percent of cases 
handled rather than a 
count of incorrect cases. This, we 
accomplishment 


correctly 


feel, emphasizes 
and gives people an opportunity to 
work. No 


records are 


develop pride in their 
permanent individual 

kept, and by the way a program is 
installed and operated it is made 
clear that our objective is improving 
the quality of the work and not the 
evaluation of people. All of these 
factors we believe operate to pro- 
duce the characteristic result we 
have observed 


SUMMARY 


On the basis of our experience in 
applying quality control techniques 


to clerical work, we have learned to 
expect a substantial increase in the 
percent of cases handled correctly 
A typical curve of improvement is 
negatively accelerated, that is, it 
shows first a sharp increase followed 
by a period of more gradual im- 
provement. This increase, we be- 
lieve, is brought about by both 
methods improvements and the use 
of procedures which facilitate learn- 
ing and increase motivation. Some 
of the more important principles 
used in this approach which facili- 
tate learning are 


1. measuring performance objec- 
tively so that meaningful goals 
toward 


can be established 


which to work, 


immediate and exact 


results of their 


giving 
knowledge ot 
performance to the 
staff, and 


clerical 


expressing results positively, 
thus giving people encourage- 
ment to improve and take pride 


in the quality of their work 





What ASQC Has Done for Quality Control” 


PAUL A. ROBERT 


Junior Past President, ASQC 


International Business Machines Corporation 


It is interesting to note that as 
early as 1923 engineers in the Bell 
Telephone Laboratories and West- 
ern Electric Company were working 
on applications of probability theory 
and that in the same companies the 
first sampling tables were developed 
and put into use in 1926. These 
tables were not kept a secret, but ten 
years later you could still count on 
the fingers of one hand the com- 
panies that were using these tech- 
niques at all 

In fact in 1936, I happened to be 
in charge of factory training at ou 
plant in Endicott. This included 
foremen training and as part of the 
course we sent young foremen to 
other plants where we knew they 
would be exposed to new ideas. | 
had heard that Western Electric had 
an “inspection system” that was 
new, so we decided to send an in- 


*This article is based on a presentation 
made before the Western Regional Confer 
ence ASQC. in Seattle, Washington, March 
19, 1965 


spection foreman down to look it 
over. What did he report? Just 
what you guessed: “It can't be ap- 
plied to our business!” Today, we 
use statistical methods in every in- 
spection department in our business, 
and there are countless applications 
still to be made. This experience is 
no different from that of many 
others who have investigated the 
possibilities of these techniques foi 
the first time 

During the war, I was Quality 
Control Officer for the Rocheste: 
Ordnance District and one of my 
duties was to visit contractors and 
interest them in statistical quality 
control. We had over 100 plants in 
New York State making everything 
from 30 caliber cartridges to tanks 
and I did not find statistical quality 
control being used in any of them 


In my opinion, the promotion of 
the concept of quality 
control started when the Ordnance 
Department sought the aid of the 
Bell Telephone Laboratories in 


statistical 


training district personnel in these 
techniques for use in government 
This brought 
means 


acceptance Inspection 
inspection by _ statistical 
physically into thousands of plants 
country effec- 
demonstrated. The 
followed 


in this where its 
tiveness was 
ESMWT which 
capitalized on this kindled interest 
and ultimately resulted in the 
founding of the American Society 
for Quality Control 


It is a curious circumstance that 


courses 


an idea which is so fundamentally 
sound and which, in many respects, 
filled a vacuum that existed for 
many years in industry, could lie 
practically 
years. However 
prising to the people of the Bell 
Telephone Company. To quote an 
October 1876 copy of the New York 
Herald Tribune on the subject of 
the telephone 


dormant for nearly 20 


it will not be sur- 


“Of what use is such an inven- 
tion? Well, there may be occa- 
sions of state when it is necessary 
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for officials who are fai apart to 
talk to each othe: without the 
interferences of an operator. Or 
some lover may wish to pop the 
question directly into the ear of a 
lady and hear for himself the re- 
ply, though miles away; it is not 
for us to guess how courtships will 
be conducted in the twentieth 
century. It is said that the human 
voice has been conveyed by this 
contrivance Over a circuit of sixty 
miles. Music can be readily trans- 
mitted. Think f serenading by 


te legraph! 


We look back and laugh at such 
stupidity and lack of vision, but are 
we so different? Is it not conceiv- 
able that 


among us with just as little ability 


today there are those 


to see the merit of a new idea? 


How do you shorten the time it 


| 


takes to make people see, how do 


you “spread the word”? It is done 


by men who have seen the value 


and proved to themselves by per- 
sonal experience that these new 


ideas are sound and practical 


What has ASQC done for statisti- 
cal quality control? I say it has been 
the instrument, the rallying point 
the wellspring, that has made possi- 
ble the exceedingly rapid develop- 
ment of this new technology 

It has bonded togethe persons ol 
common interest in quality control 
and given them the determination to 
carry on in the face of apathy oO! 
opposition on the part of skeptics 
There is 


about hearing another's experience 


something nspirational 


and learning more about the fasci- 


nating things that happen in _ the 
world of applied probability The 
backbone of our Society is the se 
tion meetings It is there that we 


exchange discuss common 


j 


i econfirmed 


problems ana go home 
in the soundness of the basi« princi 
SQC If the Society did 


nothing more than bring togethe 


ples of 


persons interested quality cor 
trol, it would ser 
but it has an 
much more 


By beings 


science Wet 


ontinue 


mportant hannel 


‘ 


tatisticiar 


hrough wh } the 


theories are ! | eda to practice 


the many industries in the count: 
the Society ha worth- 
while purpose. ° ‘ h the prac- 
titioners have problems 
and from the i iclans have corne 
There are 
Society 


many of the olution 


many of both roups in ou 
and bridging the gap has been bene 
ficial t | n the management ol 
the Socie lave tried to kee p to 


the middle tha Ne have 
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succeeded is evident by the number 
xf members we have today from the 
ranks of 
mathematicians, and the rank of in 


professors statisticians 


spectors, technicians and first line 
supervision. Our membership is 
open to all who are interested in 
quality control. We might be called 
because 


a quasi-technical society 


we do not require a degree for 
membership, and this has been good 
because it has brought into the So- 
ciety many who might otherwis« 


never have learned about SQC 


The phenomenal growth of ASQC 


has been accomplished without 


pressure, without commercialism 
and without seeking a subsidy from 
industry. In the 


ts founding in 1946, it has been 


many years since 
managed by men who have been 

y conscious of professional eth 
ics, conservative of funds, yet ad 
venturous to the end that today 
ASQC is firmly established as the 
quality control 


Industrial 


leading society in 


and the 
Quality Control, the leading journal 


publi ation 


Through meetings, con 
ASQC 
has promoted the use of statistical 
quality control in new fields. Many 
have learned about SQ¢ 


for the first time at a gathering of 


in its held 


{ 


lerences and conventions 


industries 


our members or from one of the 
Society's publi ation 

It is interesting to compare the 
development of the science of qual- 
ity control in this country with that 
Particularly im; 


abroad CSsSIVE is 


a report from Professor Paul Clif 
ford, who is now in Europe unde: 
the auspices of our government to 
assist foreign industries in applying 
SQC techniques. To quote 

The programme in each coun- 
try has been uniquely developed 
to meet the needs of that particu- 
lar country. There seem to be 
three needs common in all coun- 
tries. The first is a lack of com- 
prehension on the part of man 
agement as to the functions and 
objectives of quality control in 
general. The second is the diffi 
culty encountered in bringing the 
theory down to the operational 
level that plant personnel can 


The third is the fact 
general no organizations 


comprehend 
that in 
devoted to quality control exist, 
and communication within a 
country and between countries is 


difficult 


vramine 


In each country the pro 
provided some approach 
to a solution of these three prob 
lems. However, the situation with 
regard to the level of technical 
ibility within the various coun 
tries varied considerably, and the 
training pro 


particular type of 


gramme developed took into ac 


count these differences in level 

It is not feasible to compare the 
relative status of quality control 
in America and Europe Im the 
European countries a great deal 
of attention has been devoted to 


the theory of statistics and con 























trol, without much attention be- 
ing paid to the training of plant 
personnel, In many meetings this 
has been illustrated by two pyra- 
mids, the first representing the 
situation in the United States and 
the second the situation in many 


There have 


European countries. It will be 
seen that the broad supporting 
base sections that exist in Amer- 
ica need to be created in Europe 
In my opinion, the “broad sup- 
porting base sections” in the United 


States were made possible by the 
, lieve that that 


There are still 


promotional efforts of our Society 
We have been able to serve our 
members well and promote SUCCESS - 
fully the extension of SQC because 
the management of our Society has 
always been sensitive to the needs 
of our members. Practically our 
entire budget of nearly $100,000 
annually goes into service to ou 
membership. Much of this money 
has gone into publication of basi 
material specifically aimed at the 


beginner and non-technical prac- ciety. Although the 
titioner looking, not for theory, but of SQC are equally 


for the ways in which he can apply the manufacturing of textiles, the we have built this broad supporting 


this new tool. Contrast this with the 


articles published in other countries or the checking 


where the theorist writes for the 
enlightenment and acclamation of 


to regard SQC as a tool rather than 
another extension of the field of 
statistics has, in 


an important distinction 


various segments 
elevate the professional status of 
our membership by more restrictive 
qualifications, and to steer our pub- 
lication policy to a higher level. Al- 
though I want our “new profession” 
as ardently as anyone to someday 


achieve its full stature, I do not be- 


many industries 
that are not using SQC. I believe 
it should be many years before we 
abandon the “open door” policy that 
has contributed so much to building 
the bridge between the theory and 


practice of our profession 


Today, we are a new threshold 
in our development 
to the point where we are develop- 


ing divisionalizatior 


join together so that they may ex- 
change ideas and develop their par- 
opinion, been ticular field further In recent 
months, this has led the manage- 


ment of the Society to pave the way 
pressures by 


: and encourage the establishment of 
the Society to 


divisions in the administrative, ele« 
tronics aircralt automotive anda 
other fields 

The success of our venture in the 
textile and chemical fields leads us 
to feel that the worth of member- 
ship in ASQC will be increased 
manyfold as our members are able 
has yet come 
to associate themselves more closely 
with others having similar interests 

Finally, I should like to suggest 
that we plan to extend the use of 
SQC in industry by soliciting new 
members from shop personnel and 
first line operating management by 
giving these groups primary consid- 
eration in section program planning 
we have grown in conferences and conventions, and 
in oul publications 
within the So- I also believe we should do more 
basi principles to recognize accomplishment im tne 


applicable in field of the application of SQC. Once 


building of an electronic computer base, we can then seek to elevat 


invoices, there the professional status of member- 


are being developed techniques i: ship, promote advanced techniques 
each field that make it desirable for 


and publish articles of a more sci 


other theorists. That we have chosen those having a common interest to entific nature 





The Technique of Regression Analysis 


B. B. DAY* 


F. R. DEL PRIORE 


EDWARD SAX** 


U. S. Naval Engineering Experiment Station, Annapolis, Md. 


I. INTRODUCTION 


Industrial problems are often concerned with the 
study of the relationship between two or more different 
variables. Typical questions of this nature might be 

If catalyst temperature is raised, will output be 
improved? 

How does speed affect the wear on tires? 

Is corrosion a function of concentration of in 
hibitors? 

Is noise correlated with thickness of material? 

Is knowledge of thickness of a weld helpful in 
predicting its strength? 

Would the prediction be improved with the addi 
tion of hardness values” 

How do the combinations of oil pressure, oil 
temperature, speed and load affect output hors 
power? 

Not infrequently measurements cannot be made di 
rectly but must be calculated from a line or curve be 
tween two variables; many coefficients and moduli are 
found in this manner. A precise calibration curve is 
needed. Theory indicates a certain physical law; ex 
perimental work is done to substantiate this theory 


Mise Day has since transferred t Bureau of Ships, Department 


f the Navy, Washington, D. ¢ 
**Mr. Sax is presently employe ' tieal Rad Ir 
Washingtor dD. ¢ 
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how well do the data do this? 


needed 


A prediction formula 


Regardless of the field of application, such problems 
can be handled very nicely by the statistical technique 
called regression analysis This technique gives not 
only the relationship between variables but also how 
good the relationship is 

The purpose of this article is to present the steps ir 
the procedure in regression analysis in such a way that 
you will be able to apply it on your own problems; to 
discuss the more general aspects ol the subject and 
finally, to present a sufficient number of actual example 
to indicate the scope ot its usefulnes 

There has been a great deal of elegant theory de 
veloped on regression and it is still by no means a 
finished subject. A rather extensive list of references 
given for the reader who is seriously interested in pur- 
suing the subject further. This is necessary for exten- 
ive use to avoid possible pitfalls The more glaring 
ones will be pointed out in this article. References (2) 
(3), (9). (11) and (14) are recommended for the 
simple treatment; (1), (12) and (13) are som 
more advanced 


ll. STEPS IN REGRESSION ANALYSIS 
A n Example 


One small phase of a development program 


determination of the effect of the iron content 
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The me Sul I ui ' ! a 7 an \ . , s (1.96) 

called ; t ubt { \ x | \ (6.74) 


th 


« 2 ATS 


in milligrams /sq deci 
otnet! variables whos« 4 y ; (83.7) 


ariatior ma ausing ange in the dependent (734.8) 


ariable are called independent variables denoted by X 1699.19 
xX re spective! This proble m the simple t case 


independent variable h percent 


24 0642 
Steps 
timated straight line ‘ hould find 


Step 1:—The 
I the data. This will be the next tep 


ot iron content or 
the catte! | oint in Fis i ( A tl . ove 
oe hs Step : he analy ol ariance 1 very useful 
lor sor Situatior 
H : technique to det ie whether or not fitted line 
owever, for th o measi , 
ae. ; : ‘ . wecounts for a significant part of the yvread in the Y 
' , | | 
tatively the effect I i iro ( rrosion 
eadings In other word it will 3 ‘ the question 


This plot appear indics , im of 1 
’ i PI - . ‘ Doe thi line turnl a better mei ) timating Y 


lationship, namely ; rai in T : ‘ 
iti | i f ! ! é than the simple average? The total sum quares 


ression for 1 ! iw i aig lin 4 xX . 
; rm P = Rage sid i partitioned into two parts, the 

‘or this problem Y Is the weight ik iw n ree | 

3 dave r freedon associated with the regression ol 
iron content ( rel *! : \ d 4 

. - . . J the im of quare due to the regression) and 
the imtercept ot 1 li / } lope o li 

on ‘ } | . ru ol freedom i ociated 
called the ore 
; around l i lor linn 
additional formulas are vr the sum of 
Viation in y ‘ xplained b the rewre 


quart inexplained 





* < Cowen 


Figure | 





, 
The unexplained sum of squares becomes 


Y(Y — Y,)*? = S(Y — Y) bd(Y-—Y) (X% —X) 


The summary table is modelled by Table I 


Table Ii 


Source of variation Degrees of 
freedom 


Explained by linear 
regression 


Unexplained Difference 


Total riy 


Carrying through the arithmeti 


bECY - Y) (X — X) = (—24.0638) (—59.648) = 1435.38 


XC Y — Y,)* = 1695.19 — 1435.38 = 259.81 


which leads to Table II 


Table ill 


Source of variation Degrees of Sum of squares Mean 
freedom square 


Explained by linear I 1435 38 


regression 


Unexplained (devia 259 81 
tion from regres 


son?) 


Total 1695.19 


We find the F ratio, explained/unexplained mean 
square, 27.62 by using the usual F tables, to get the 
probability that so large an F would be due to random 
sampling only 

Here the probability, P, for so large an F is less than 
0.01. A small P-value indicates that the straight line 
accounts for a significant part of the variation in the Y 
readings. Thus it is indicated that a significant part of 
the variation in weight loss (corrosion) of the seven 
specimens can be accounted for by the difference in 
their iron content 

A meaningful value would be the percent of the total 
variation in the seven readings which is explained by 


the straight line. This is 


1435.38 
1695.19 


SS (expl) 
SS (total) 


85 or 85‘ ‘ 


This value happens to be the square of the correlation 
coefficient, or r* The value, 85 percent, measures the 


efficiency of the line 


Step 4:—The next step in this procedure would be to 
determine if the efficiency can be improved by includ- 
ing a quadratic term. In other words, we have assumed 
a linear relationship but would better results be ob 
tained if we used a curvilinear relationship? A study 
of the plotted data (Fig. 1) would seem to indicate no 
curvilinearity present. However, for illustrative pur- 
poses, we will carry through the necessary computations 
to make this test. The general expression for this is 


Y a+ b,X + bX* 4 bX (4) 
In solving a quadratic or cubic, etc., the least squares 


criterion leads to a set of simultaneous equations. The 


12 


setting up of these so-called normal equations is quite 


systematic. If the equation to be fitted is written in the 


form 


X) + b.(X xX 


mu h computational labor can be saved 


Since we are fitting the quadratic, only two simul- 


taneous equations are needed. The first is obtained by 


multiplying the equation above (with terms of degree 
3 or greater discarded) by the first independent vari- 
able (X —X). The second is obtained by multiplying 
the equation by the second independent term (X X*) 


The resultant products in each case are then summed 
over all the data points giving the simultaneous equa- 
tions 
X) (X X*) 

Y(X — X) (Y — Y) 


b, S(X X) b =(X 


bo X(X 
YX 


b, 2(X — X) (Xx X*) 


We will need the following additional sums 


X), SCX X*)* and 
Y(X X*) (Y — Y) 


S(X X*) (X 


The short-cut methods, as before, are appropriate here 
Computing these sums and substituting in the preced 


ing equations (5) and (6) gives 


2.4787b, 
1.8913b 


1.8913b. 59.648 
10.6944b 113.4118 
Solving these two simultaneous equations gives 
b, 32.1918 
b 4.1188 
The expression for “a” would be: a Y—b,X—b.X 


but before computing this we will want to determine 
if there has been a significant improvement in efficiency 
by adding the quadratic term 


To determine this efficiency we again us 


Step 5: 
analysis of variance technique, noting that hers 
=(Y-—Y,)*=2(Y-—Y) b, =(X—X)(Y—Y) 
bod (X*—X*)(Y—Y) 
See Tables IV and V for details 


Source of variatio 


Explained (regression) 


Unexplained .dev. fron 


Tota 


Table V 


Source of Variation 


Explained by regressior 
Unexplained ‘dev. from reg 


Total 
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The improvement due to the quadratic term wili be This is the error in predicting the mean of the dependent 
the difference between the sum of squares explained by ariable Y at a particular value of X 
the quadratic (Table V) and that explained by ) To make a confidence statement about a specific Y 
linear ynly (Step 3) See Table VI for details Th instead of the mean of Y, at a particular value of X 
measure i mprovement is then compared with the ‘ is the following standard error (p 120: Ref. 14) 
estimate f random error here the unexplained by 
quadrati lean square above, viz 60.53. We do not s\y 1 1/N (X—X)2/5(X—A) (11) 
need to calculate F in this case since the improvement d ;, , 
"oO ' . » Using these standard errors it is possible to give con 
17.68 is les than the random e1 3 ; ; 
: fidence” limits or “fiducial limits” about the estimated 
lat the q iadratk did not give any , ’ | , 
. 1 rewgressk oe! ien *s F . ; S58 1K . § 
provement o\ the linear. Thus we conclude that th egre — mi : icient, the « ws mo oe - mm line er 
, 1 Indy ual with ji i j d F 7 tefere > 
straight lin s not only significant but also sufficient in i : idual with a particu r value teference 
Ww f Step 3 t shed Gham (Sec. 6.9) is recommended reading for a clarification of 
‘ re urn now I ‘ its ‘ =) Oo ¢ ‘na em 
these formula 
Consider the estimated regression coefficient 24.06 
in our example. For 95 percent confidence limits, the 
Table VI t-table would be entered with five degrees of freedom 
and t read from the P=.05 column. This value of t is 


2.57. The 95 confidence limits for b would then be 
b ts 4.06 11.80 


For the estimated regression line, confidence intervals 
must be computed for each value of X. The nearer X 
is to its mean value, the narrower will be this band. To 
llustrate the computation, consider X 1.96. Substitut 
Step 6: le now ci li for linear 1 ing in Eq. (10) above and multiplying by t gives 


atone 2.! ' (1.96 — 96)*/2.4787 


104.97 24.0642) (.9629) 
estimated regre ion line 
and present the ationship a 
Y 128.14 24.06 x 1.96 81.0 
Y 128.14 — 24.0642X 


Hence the confidence limits for average at this value of 
Thus, when X { a 128.14 X are $1.0 13.6 67.4 and 94.6 
when X ; 104.08 For the individual Y at thi ame value of X, 1.96 
ve would substitute in Eq. (11), obtaining 


Jsing these two points, the line is drawn (See Fig. 2.) 
As a check, the line should go through the point - hs (2.57)(7.21) V1 1/7 (1.96 96° /2.478% 


The constant value, a 128.14, (Y intercept) gives th 23.0 

corrosion when iron is not present; b 24.06 is th Thus, while the population mean corrosion for this 
slope. The negative sn indicates a decreasing effect illoy with 1.96 percent iron content is probably between 
Thus, for every on reent change in iron content 67.4 and 94.6, any randomly selected specimen with thi 
there is a corresponding Gecrease I PPOStOs f 24.06 vercent iron content may be found to have a corrosion 
MDD. Thi neasure of the rat ; ange | , — ate anywhere between 58.0 and 104.0. This wide range 
for a unit change in i content ‘ on bear out Snedeco tatement that predicting the 
coefficient performance of individuals, especially of those in the 


, - +" , outer tring a hazardous venture 
Step 7: The unexplained mean square for the li 


case ince tne quadratic was not significant, is our 
timate of the random error-variance. In this 

is 51.96 from Step 3 above The square root 

the well-known standard deviation, called s 


an estimated value. Hence 


(Table III) 





This lso call andal 
Then 
coefficient 


(Y) 


Knowing its li | ) j : Lo ompare 
an estimated gression coefficient with a hypothetica 
Value ! ith another estimated regression efficient 


The formula | tine tandard er 7) } timated 


Figure 2 
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Thus far, we have covered only the essentials in 
doing a regression analysis. We have tried to give 
sufficient references for a study of the finer points 
Generally we have followed the notations used in ref- 


erence (11) 


ill. EXTENSION OF THE REGRESSION PROCEDURE 


a. All the necessary steps for carrying through any 
regression analysis are to follow. To recapitulate, we 
started with the simplest case (a straight line rela- 
tionship) Y a + bX, showing the steps in computing 
the best line and testing its significance. Then a quad- 
ratic term was introduced and a test made of its ade- 
quacy. Similarly, it was mentioned that the procedure 
can be extended to include additional polynomial terms 

cubic, quartic, et for increasing degrees of “curvili- 
near’ regression 

b. Finding the relationship of a dependent variable 
to more than one independent variable is simply a spe 
cial case of Eq. (4) where the other independent vari- 
ables X., X.—appear in the place of the X*, X*, et 


The form then becomes 
a + bX, bX. + bX 


This is called “multiple” regression 
Thus we have the designations “linear,” “curvilinear, 
and “multiple” regression with the b’s called the “re 
gression coefficients.” Each b measures the rate of change 
in Y, the dependent variable, for a unit change in its 
corresponding independent variable 
The procedure for fitting and testing the significance 
of the regression remains the same for all. Thus, for 
the multiple case, X, and X, would replace X and X 
and we have 
b, =x ' b Yx,\x 


b, Ex x, + b. Ex 


where the lower case letters are used purposely here to 
indicate that the variables are measured from their 
mean values; that is, x, (X, X,), x (xX X.) 
and y (Y Y). (Chap. 8; Ref. 11.) 

The normal equations for three variable cases are 
given in Section V 

It is clear that with an increase in the number of 
terms, or independent variables, the arithmetic becomes 
laborious. Schemes for systematizing the computations 
will be found in the references: (2) and (4) are particu- 
larly recommended for this. The scheme we use will be 


shown in Section V, « 


c. As a special case in fitting polynomials, it is ad 
vantageous to have the settings of the independent vari 
able equally-spaced and the same number of readings 
at each setting, When this is true, a large amount of 
computing time can be saved since it is unnecessary to 
In addition, and 


solve the simultaneous equations 
more important in some problems, the linear, quadratic 
cubic, ete. effects are obtained independently of each 
other and can therefore be tested for significance 


The orthogonal polynomial technique is used here 


This technique is relatively simple, the formulas being 
similar to those for the linear form. Tabular values are 
used in place of the X values. Tables for this purpose 
are in Refs. (7) and (10). The steps in the arithmetic are 
detailed in Ref. (6). An example of this is described in 
Section V 


4 


d. No discussion of regression would be complete 
without at least mention of the analysis of covariance 
We have seen how the analysis of variance technique 
is an integral part of regression analysis. Conversely 
regression techniques can be an important adjunct t 
the analysis of variance. This entire development is due 
to R. A. Fisher.'® 

Due to physical limitations it may not be practicable 
or possible to keep certain variables (not under test) in 
control. For example, in comparing weathering resist- 
ance of different paints, the amourit of paint applied 
may vary. Or it would not pay to build a constant tem- 
perature room for studying thermal rise in electric 
motors. Planned experiments on a production line must 
usually be run without having all variables under con- 
trol. Original specimens used in testing may vary from 
specimen to specimen in size, weight, et 

The analysis of covariance is a means of equalizing the 
influence of these variables, or uncontrolled conditions 
provided they are measurable. A comprehensive treat- 
ment of this subject would yield an article in itself 
References (5), (9), (11) and (14) are recommenc« ! 
reading here 

e. Another extension of regression analysis in the 
analysis of variance technique can result in more defi- 
nitive information. When a factor in the analysis of 
variance is at different levels that are quantitive, its 
degrees of freedom can be divided into linear, quadratic 


etc., components. Examples in S V will illustrate this 


IV. DISCUSSION 


a. The selection of the depends nt variable in a regres 
sion analysis is usually by a “cause” and “effect” rela 
tionship. The independent variable would be the “cause 
and the dependent would be the “effect.”” However, the 
independent variable may not necessarily be a casual 
variable For example, the independent variable may 
be many variables removed from the direct cause. The 
results would then be interpreted with this in mind 
Perhaps no cause and effect relationship is even postu 
lated. Then the criterion may become the use that is 
expected to be made of the analysis, etc. However, ir 
these situations the difficulty in selection of independent 
and dependent variables causes us to be wary of our 
interpretation of the results 

Thus, regression coefficients, b, and the square of the 
correlation coefficient, r*?, are obtained in all of ow 
regression problems as a matter of routine. However 
the use and interpretation of the values differ from 
problem to problem depending on the physical situatior 

When the variables may be of a “cause and effect 
type, directly or indirectly, both coefficients are useful 
The regression coefficient, measuring the change of the 
dependent variable per unit change of the independent 
variable, gives the quantitative effect of the cause. The 
coefficient r*, measuring how much of the variation in 
the dependent values is explained by the use of the 
regression coefficient, gives the degree of the cause on 
the effect 

As the variables depart more and more from a “« 
and effect” relationship, the interpretation of the 
gression coefficient, except for the sign, loses its im 
portance. The r* value then is simply a measure of hov 
well the two sets of data move jointly, that is how closely 
they are correlated. Thus regression contains the idea 
of a dependent variable with one or more independent 
variables while correlation does not contain the notio: 
of dependency (page 122, Ref. 11). Quoting from Fishe: 
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(art. 25, Ref. 9) “The idea of regression used usually to 


be introduced in connection with the the ory of correla 
tion, but it is in reality a more general, and a simple: 
idea: morec ve he regression cvefficients are of inte: 
est and scientifi importance in many classes of data 
where the correlation coefficient, if used at all, is a 


Chapte r VI of 


reference (9) and Chapter 7 of (11) are suggested 


artificial concept of no real utility 


reading in exploring the subject of correlation 

b. The settings or values of the independent variabls 
may be either arbitrarily or randomly selected, or as 
measured, There may be one measurement of Y fo: 
each X value, an equal number, or a variable numbe: 

Y’s for each X value 

c. As previously stated, a very important assumption 
in the formulas used is that the independent variables 
shall be free from error. This can be relaxed to “rela 


tively free from error” as compared to the error in the 
dependent data which are the subject of study It i 
important to note that the deviations from the line ir 
the example (Section IH) are vertical distances, that is 
deviations of Y values. This follows from the assump 
tion that only Y is in error, X being relatively free from 
error. If the opposite situation existed, the Least Squares 
criterion would give a slightly different line, since we 
would be minimizing horizontal distances. The formula 
would be similar except for interchanging X and Y 
TI is there are two regression lines poss ble. Y on xX 
and X on Y. Between these two extremes, vertical and 
horizontal, there are various approaches, depending 
upon our knowledge of the errors in both X and Y 
variables. (The r* values will be the same for Y on X 
as for X on Y.) 

Often, if both Y and X are measured ‘ vill be a 
definite error in determining X. In the use of a small 
sample, the estimate of the regression coefficient will be 
biased. The bias introduced generaily reduces the abso 
lute value of the regression coefficient. In this conne« 
tion Yates makes the following statement Errot 
in the independent variates do not affect the validity of 
the ordinary tests of significance provided that only dif 
ferences from zero are being tested, and the coefficient 
ll always be the best coeffi 
cients for the purpose of prediction from subsequent 
Deming ive 


as ordinarily evaluated 
observation ubject to similar errot 
1 detailed treatment of this subject 
another measure of the random 


variable besides the 


d. Frequently there i 

rol nvolved I the dependent 
error from regression. This usually comes about from 
unning replicates at each value of the independent vari 
able The n, comparison ol these two measure ol ro 
would be very informative 

Using our ¢ xample a 
trations had been made, i from different 
would be a measure of er! independent 
sion. If the mean quare trom regre 
cantly larger than thi experimental erro 
would be that the relationship can 


perhaps with a different t pe 


iappen to be significantly 


experiment error ! 


regression error, then it would certainly be 
looking at the details of the test setup 
It is worthwhile to call attention to the f: that 
experimental error is not derived from pairs of reading 
on the same specimen, say duplicates. The duplicat 
erro! would omy he a measure ot the reading error and 
as such is not an estimate of a true experimental erro: 
Along this vein, it is vital that randomne enter into 
the testing at many stages. This is, of course. necessar’ 
to prevent any systematik effect from distorting the 
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esults. For example, suppose in our problem, the heat 
treatment was given to the various slabs in an order 
fashion. The material containing the lowest iron con 
tent was heat-treated first, second lowest treated second 
etc. A question would then arise as to how much of the 
effect that we were attributing to iron content was 
actually due to temperature regulation in the heat 
treatments 
e. Since generally the data in a regression analyses 
will be a sample, usually small, predictions therefrom 
will be subject to the same limitations and pitfalls in 
herent in the single-variable case. Thus all predictions 
are based on the assumption that future conditions will 
be the same as those present when the original data 
were taken. Also predictions are valid only within the 
range of the settings or measurements of the data on 
the independe nt variable 
f. In addition in making use of the analysis of vari 

ance technique, we must assume that the errors of our 
experiment, that is those in measuring corrosion rat 
are 

(a) normally distributed with mean zero 

(b) independent 

(c) of equal variance for the several setting: 


percent iron content 


V. PROBLEMS INVOLVING REGRESSION 
ANALYSIS 


A few actual examples of the uses made of regression 


may be he Ipful 


Calibration Proble m in Linear Regression 


The Chemical Engineering Laboratory of the Station 

as interested in the use of the infrared spectrograph 

n place of the time-consuming chemical methods in the 
determination of additive content in Diesel engine oil 
A calibration curve of concentration and density was 
needed for the particular wavelength to be used. It 
important to know the error in the calibration 


for comparative purpose 


There were ome ¢ pecially intere ig aspect 


xample which will be brought o the disc 


The experimental data consi ‘ m two to « 
ading ot density (Y) 


naking 


oncentratl 


analy i 


shown in T 


Table vil 


HORT IRO 


00005844 


concentration tar Was one vith quantita 
freedom were furthe: 
on analy A straight line wa 


idequats It 


the ‘ el ce 


00465 0147 Concentratior 


The co responding analy 


in Table VIII 





Table Vill 


Source of variance Mean 
Square 


Explained by linear 0 720033 56.030 highly significant 


Deviation 00001 285 2.2 not significant 


Between concentrations 


Within concentrations OUD0GEAA 


Total 


That the “deviation” from the straight line was not 
significantly larger than “within concentrations” indi- 
cated that the straight line was an adequate mathemat- 
ical expression of the relationship. A quadratic term 
was tried, but the test of significance indicated no im- 
provement. This verified the accepted theory that the 
relation should be linear (Beer's Law). It is important 
to point out that the “within concentrations” were from 
density readings at the same percentage concentration 
but on different solutions, i.e. made up on different 
days 

Beer's Law was therefore assumed to hold in calibrat- 
ing the instrument again after its periodic cleaning. In 
later testing, this assumption led to only two concentra- 
tions being tested; the lowest and the highest percentage 
in the zone in which we were interested. As reference 
(4) points out, these are the most efficient settings in 
determining the straight line. The saving in testing to 
determine the straight line permitted an incorporation 
of a study of other factors: preparation, stability, vari- 
able drive. The method of covariance was used in this 
later study to take into account input voltages and 
operating temperatures 

Consider the calibration line we obtained which was 
to be used in predicting the concentration from the 
density readings. Since we were predicting the inde- 
pendent variable, we were interested in the error of this 
prediction, a switch-about from the usual situation. This 


required a refinement in the error formula. Reference 


(1), page 133 gives the variance of this prediction as 


ae ‘* i (Y-—Y)? ) ay 


Variance (X 
asriance ) b? \ m N b?S(X—X)* 


where Y stands for density, X for concentration, and m 
the number of readings at any particular point 


b. Fitting by Orthogonal Polynomials 


This study concerned the relationship of output fre- 
quency to load in the Vickers 10 KN Motor-Generator 
set. This generator set was a new design sent to the 
Electrical Laboratory for testing to specification require- 


: 











a 


Figure 3 


ments. Because the project engineer was interested in 
studying its overall characteristics, statistical planning 
was used. The analysis of variance indicated that load 
me of the main effects, was a significant factor on out 
put frequency 


With load as the independent variable and output fre- 
quency the dependent, the data were plotted as in Fig 
3. This figure indicated a somewhat rapid decrease in 
output frequency with the addition of load, then a 
slackening in this decrease but followed at the higher 
load with an accelerated change. An important part of 
this problem was to find the algebraic values for the 
relationship, which appeared to be a polynomial. The 
load settings had been selected at equal intervals. This 
meant that the orthogonal polynomial method of curve 
fitting could be used, (Section III, c above). The work- 
sheet was as shown in Table IX 


Table 


Output Frequency Load Orthogonal Values 


E 


The last three columns with the corresponding sum of 
squares at the foot of each column were copied from 
Ref 10, Table XXIII, N 6. These tables give the trans- 
formation values for N 3toN 
the fifth degree 


52 and go as high as 


In fitting 
Y Y+b’, E, b’. E b’, E 


we only had to find three additional sums, NE’,Y 


ZTE’. Y, TE’, Y 


The analysis of variance in Table X indicated that the 
third degree was sufficient 


Using the formula, Ref. 10. 
b’ ZTE’ Y/E 
we obtained 


Y 399.13 0.16614E’, 0.04298E’ 0.01906E 


To obtain the sum of squares explained by each term we 
used the formula, Ref. 10 


SS explained by “i” term 


Since the orthogonal polynomial method was used 
each estimated effect was independent. Thus, from the 
analysis of variance table the first degree was signifi- 
cant at the .01 level of probability (F-value in column 
(4) compared with those in columns (5) and (6).) The 
F-value for the second degree term was less than that 
required for .05 level. The F-value for the third degre« 
was well over the .05 level requirement. This was con- 
sidered sufficient, since the residual mean square .0021 
was of the same order of magnitude as was the experi- 
mental error variance of the test 
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Table X 


‘5 6 
Probability leve 

from ref (10 
01 


Source of 
varia- 
tion 


Mean 


square 05 


Total 


Degree | 
Residual | 


Degree 2 


Residua! 2 


Degree 3 


Residual 3 


Using the relationship found, and the corresponding 
the estimated Y value 
The fitted 


10 also gives the formula to use when it is 


values, was found for each 


EF’, 
corresponding X value 
Fig. 3. Ref 


desirable to transform the relationships back to X's 


curve is shown in 


Multiple Regression in a Bearing Research Problem 


One phase of a test program on the study of bearing 
materials was concerned with evaluation of the influence 
One ol 


factors selected was speed, load, and the viscosity of the 


of varying factors on bearing performance set 
Performance was measured in the fric- 
the test 
testing 


lubricating oil 


tion generated. Using a 60° segment bearing 


was run on the standard Amsler abrasion ma- 
chine adapted to make use of basic frictional measuring 
7 lattice 


49 different speed-load combinations 


devices under varying speeds and loads. A7 x 
plan allowed for 
viscosity being measured at each of these 


The theoretical functional 1 
neering judgment was 


elationship based on engi 


b, (N",) ( 


where N and { fric 
the 
to be estimated from the experimental data 


with 


load, Z 
the parameters dependent on test setup 
The above 


ZN 


speed, P viscosity 


tion b’s, 
expression Hersey’s well-known 
P factor 


iS 


TABLE Xii 


This problem illustrates the situation where 


formation is necessary to give an equation of the 


it 


} 


form in order to use the Least Squares criterion. U 


a logarithmic 


log { 


log b 


transformation, the new 


b, log N 


b 


log PP 


b 


equation was 


log Z 


In order to express this equation in the more familiat 


standard regression I 


y 


The n 
¥=e 


The corresponding 


b, =x 
b, Sx ,x 


b,Xx,x 


TABLE XI 


log f, a 


bX 


‘ 


orm plac c 


x, 
X 


log 


log Z 


bX bX 


x 


b. =x.x 


log N, 


X 


low 


normal equations are then 


P and 


WORK SHEET FOR MULTIPLE REGRESSION PROBLEM « 


Correcting sums of squares and cross products to their means 


N 


Speed 


log N 


xX log P 


Viseosity 
x log Z 


Y 


Friction 
log f 





Sum 
Mean 


110.523 


111.091 


2.267 


95.125 
1 O41 


112.643 
2.200 





Speed, X 
Correction 
factor 


Difference 


Load, X 


Correction f 
Difference 


Vi x 


Correction f 


cosity 


D. flerence 


Friction, Y 


Correction f 


Differen« 


252.590347 


249.292521 


3.297826 


actor 


actor 


tor 


253.012084 


250 573686 


2 439298 


260 325115 
251.861434 


8.463681 


This half 
mirror ¥ 
of above 


212 474692 
214.561232 
) ORG540 


212.630421 
215.663906 


} O33485 


186 629107 
184 668686 


1.960421 


254.011640 
154. 074392 
0 062692 


252 020890 
155.380072 


1.350182 


210 S8sO8O 
218 676844 


0.911236 


261 320821 
158 047806 


> SR19S5S 





Solution of the normal equations using the c-multiplier 
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where as before the lower case letters indicate that the 
‘ariables are measured from their mean values 


The first step in the arithmetic was to change each of 
the 49 sets of readings of speed, load, viscosity and fric- 
tion to logarithms. The next step was to compute the 
required sums of squares and cross products of these 
49 sets and correct them in each instance to the mean 
values. This is shown in Table XI of the work sheets 
reproduced here. These sheets, Tables XI and XII, give 
the entire layout of the procedure we follow in multiple 
regression problems 


Briefly, instead of solving the three simultaneous 
equations directly for the b’s, a technique of matrix 
algebra known as the Gauss multipliers are used; these 
are C)4, Cha, » Cas, Cag » Ces, Ces , ete., reference 
(11), page 139. These are the elements of the inverse 
matrix. Using the same summations as in the left part 
of the normal equations, and these c’s, three sets of 
equations may then be written with the right members 
being 1, 0, 0, 0, 1, 0 and 0, 0, 1, respectively. These are 
indicated in a compact form in Table XII of the work 
sheets. The solution of these yields a matrix of the 
¢ values, that is 


where cy; 


There are definite advantages in using the c-multi- 
pliers. Frequently it happens that, for the same set of 
independent factors, it is desirable to examine the re- 
gressions for more than one dependent factor. Using 
the c's, the simultaneous equations will need to be 
solved only once. They greatly facilitate the computa- 
tion of the standard errors of the regression coefficients 
And finally, they provide a method for readily finding 
the new b's when a variate is omitted, reference (10), 
article 29.1 

Table XII of the work sheets shows the method we 
used in solving the normal equations. Any other method 
might have been used, a number of which will be found 
in the references 

The analysis of variance for testing the regression is 
also shown in Table XII. The relationship was signifi- 
cant, accounting for 71 percent of the variation in the 
log friction values. 

Table XIII compares the effect of the three factors, 
alone and in combination with the other factors, using 
as our criterion, R*, the percent of the total variation 
in the log frictions accounted for by the regression. Each 
R® was determined by a separate regression calculation 


Table Xill 


One factor R’ (percent) Two factors R’ (percent) 


Speed and load 69 
Speed and vise 49 


Speed 1 
Load “ 


Viscosity 18 Load and vise 60 


From the computations in Table XII, R* for the three 
factors was 71 percent while speed alone indicated no 
significant effect on friction: R* 1%. In combination 
with load, there was a considerable improvement over 
load alone, 69% againsi 56%. This illustrates a very 
important point, namely that the test of a factor alone 


is not sufficient to indicate its significant influence 
There can be an accelerated effect in combination with 
another factor. 

Viscosity in combination with speed and load has little 
or no additional influence on friction. It seems that 
there is an area of over-lapping effect of speed and vis- 
cosity, that is a tie-in between the two. This is a reason- 
able conclusion, since it is known that viscosity changes 
with speed. 

Another way to measure the significance of a factor 
would be to test the null hypothesis that its coefficient 
equals zero, using its standard error. Thus, for viscosity 


we would have from Table XII 


b, = 0.43118, s.s = 0.2229 


pare : 1.93 with 45 degrees of freedom 
The probability of this value of t is slightly over .05 
Hence a borderline case. Also, following the procedure 
outlined in Step 5 of Section II, b gave an F of 3.50, 
another borderline case. It so happened the percentage 
values had more meaning to the engineer concerned 
with this problem. 

As was to be expected, the b, value (load) is negative 
This weuld put it in the denominator in the original 
function, again in line with the ZN/P concept 

This and other studies indicated that the Hersey 
variable ZN/P works well with an exponent of around 
0.5. This small value was attributed to the use of seg- 
ment bearings in this test 
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Statistical Control in 


Continuous Chemical Processing* 


ROBERT M. HOFSTEAD 


“Continuous Process” is a term 
By its 
very nature it Is employed most ap- 


commonly used in industry 


propriately in modern progressive 
Since the term 


continuous process will be used fre- 


chemical industries 


quently in the following discussion 
a definition is presented with the 
hope of obtaining a basis for mutual 
understanding 
Defined by Kirkbride: “' 
“A system consists of the mass 
and energy that are confined by 
known boundaries. It may be 
either static (no movement) or 
dynamic (in motion). A process 
on the other hand, is the method 
by which a change takes place 
within the system 
“There are two fundamental and 
distinct types of processes, viz., 
batch and continuous. In the 
batch 
charged to the system at one 


process the mass is 
time and the process is carried 
to completion, In the continu- 
ous process the mass is charged 
to the system continuously and 
the products are removed con- 
tinuously 
Examples that may be presented 
of continuous processes found in the 
range from the 
huge gas diffusion process in op- 
eration at the U. S. Government's 
plant, Oak Ridgs 
Tennessee, or the large oil refinery 


chemical industry 


atomic energy 


throughout the 
world, to something small and sim- 


operations located 


ple as the continuous distillation of 
tap water in the laboratory 
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Continuing a step further, the con- 
cept of “unit operations” is intro 
duced. These are operations com- 
mon to different industries. In effect 
Brown 

“Any 


whatever scale conducted, may 


suggests that 
chemical process, on 
be resolved into a coordinate 
series of what may be termed 
‘Unit Operations,” as pulveriz- 
ing, drying, roasting, crystalliz- 
ing. filtering, distilling, or ex 
tracting. The number of these 
basic unit operations is not large 
and relatively few of them are 
involved in any particular proc- 
ess. The complexity of the treat 
ment of these operations is real 
and results from the variety of 
conditions (variables) as to 
temperature, pressure, or pH 
under which the unit operations 
must be carried out in different 
processes, and from the limita- 
tions as to materials of con- 
struction and design of appara- 
tus imposed by physical and 
chemical character of the react- 
ing substance.” 


ROLE OF STATISTICAL 
CONTROL AND QUALITY 
CONCEPTS 
Marketable 


from the processes encountered in 


products resulting 


the chemical industries are required 


with few exceptions, to fall within 


*Presented at the 7th / 
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ranges of established standards, Ob- 
viously, in order for the products to 
meet these standards, the in-process 
variables must also be controlled 
within limits. The in-process vari- 
able controls differ in type, com 
plexity, and sensitivity, and these 
controls give varying degrees of 
success depending on factors too nu- 
merous to mention here 

Utilization of modern and im 
proved control techniques has great 
ly improved in-process control pro 
cedures. In recent years remarkable 
advances have been made in instru- 
tech 
in the accuracy and sensi 


mentation and measuring 
niques 
tivity of analytical laboratory tests 
and in the uses of the tool known 
as “statistical control.” 

The Success of any in-process con 
trol plan still depends on the time 
thought and effort applied to it. To 
bear this out, even with the best 
controls available; a control plan may 
not be a complete success because 

A. Valuable controls are omitted 

which escape recognition 

B. Little effort is made to im 

prove the control plan 
Process improvements are not 
uncovered which would have 
been indicated through a thor 
ough analysis of the control 
data 

Statistical control is a unique and 
exceedingly versatile control tech 
nique. It can be applied scientifical 
ly to repetitive data, and through 
the principles of probability and log 


ical application, can provide 





streamlined method for separating 
significant information, pointing out 
lines of action, and predicting the 
probable outcome 
Statistical control, quality control, 
and statistical process control will 
be used interchangeably throughout 
the discussion and will be consid- 
ered to have the same meaning 
A comprehension of the basic 
concepts of statistical control is us- 
ually necessary before applying it to 
data. As an adjunct to this under- 
standing the definitions of the two 
components of the term quality con- 
trol are presented 
The term control is 
Shewhart, ‘'' by stating that 
“A phenomenon will be said to 
be controlled when, through the 
use of past experience, we can 
predict, at least within limits, 
how the phenomenon may be 
expected to vary in the future 
Here it is understood that pre- 
diction within limits means that 
we can state, at least approxi- 
mately, the probability that the 
observed phenomenon will fall 
within the given limits,’ 
In analyzing quality, Shewhart 
points out two common aspects 
“One of these has to do with the 
consideration of the quality of 
a thing as an objective reality 
independent of the existence of 
man. The other has to do with 
what we think, feel, or sense as 
a result of the objective reality 
In other words, there is a sub- 
jective side of quality. For ex- 
are dealing with the 
quality 


defined by 


ample, we 
subjec tive 
when we attempt to measure 
goodness of a thing, for it is im- 
possible to think of a thing as 
having goodness independent of 
some human want. In fact, this 
subjective concept of quality is 
closely tied up with the utility 
or value of the objective phys- 
ical properties of the thing it- 
self,” 

With these aspects of quality in 
mind, then, the physical character- 
istics of the product must be defined 
to satisfy most nearly the human 
wants. The human element, there- 
fore, must be of prime consideration 
in the control of quality since it is 
part of the basic concept of quality 


concept of 


HUMAN ASPECTS 


Humanics cannot be stressed too 
strongly—-not only does it decide the 
limits to be placed on the physical 
characteristics of the product, but 
it is an integral part of statistical 
control applications. The statistical 
analysis of repetitive measurements 
is of little value without initiative 


20 


and imaginaton to recognize signi- 
ficant information, to point out lines 
of action, and to predict the prob- 
able outcome, Of equal importance 
is the part it plays in formulating 
and carrying out the plan. Statis- 
tical control is not purely a me- 
chanical operation. It involves peo- 
ple. Human consideration is the key 
to the successful application of sta- 
tistical control 

In a chemical plant the processes, 
or unit operations, are usually su- 
pervised by people with technical 
training. This technical training may 
or may not be well supported by 
knowledge of statistical techniques 
If the supervisor has a background 
in statistical control he will be able 
to use this training to good advan- 
tage in a practical control plan. If 
not, he must rely on the statistician, 
not only to supply the statistical 
techniques required for the plan, but 
also to aid in interpreting the re- 
sults of the statistical analysis de- 
rived therefrom. However, the su- 
pervisor in this case is not relieved 
of the responsibility for understand- 
ing the philosophy and objectives of 
the technique and for using his in- 
genuity and imagination to discover 
where it may be applied 

The statistician on the other hand, 
must be aware of the implications 
of the process to contribute to its 
control. He must be familiar with 
the properties of materials and lim- 
itations of equipment, the chemical 
mechiunisms encountered, the vari- 
ablcs which affect the process and 
the human characteristics involved 

The statistician and _ technically 
trained supervisor, working together 
with all concerned, form a most ef- 
fective team to pursue the aims and 
objectives of statistical process con- 
trol. These aims are: greater proc- 
ess efficiency, maximum yield of ac- 
ceptable product and reduction of 


processing costs 


POINTS OF APPLICATION FOR 
STATISTICAL CONTROL 

As previously stated, a process is 
the method by which a change takes 
place in a system, while a unit op- 
eration is one of the basic operations 
found in the system and may be 
common to many processes. The 
various conditions required in a unit 
operation are dictated by the proc- 
ess. Statistical controls should be 
applied to the relatively important 
variables in the several unit opera- 
tions and statistical techniques used 
to study the operations collectively 
to obtain knowledge of their inter- 
relations and establish over-all con- 
trol of the complete process 

In a continuous chemical process 


of one or more unit operations the 
quantity of a stream entering or 
leaving the system during a given 
interval of time may be called the 
universe of the stream for that pe- 
riod. For convenience let us imag- 
ine that the universe is subdivided 
into individual parts whose meas- 
ured characteristics will fall within 
a distribution pattern. We can then 
pick individual parts from this uni- 
verse at random and expect them 
to conform to the princples of prob- 
ablity distribution 

The statistical question is “How 
many parts shall we imagine exists 
in this universe, and how many of 
these parts must be removed to give 
a truly representative sample?” In 
practice the problem can be resolved 
by trial and error. A trial sampling 
frequency is selected and the sam- 
ples are taken as scheduled. A sta- 
tistical analysis of the data will es- 
tablish the mean and the accepted 
variation limits. If the sampling plan 
does not appear to be sensitive 
enough to detect significant effects 
of the variables, the sampling fre- 
quency can be stepped up until sig- 
nificant information is uncovered 

To facilitate this technique the 
measurement of each part should be 
duplicated so that the buffering ef- 
fect of measurement variability can 
be isolated from the in-process vari- 
ations of the stream and the random 
sampling error 

Statistical control of 
chemical processes can be 
out, therefore, through a study of 
the relative differences occuring be- 
tween successive precise measure- 
ments. Even though the measure- 
ment is biased, but is sufficiently 
precise to detect relative differences 
it still can be used to advantage in 


continuous 
carried 


the continuous control analysis be- 
cause the analysis is made from re- 
lated variabilities. The control de- 
pends on holding the variability 
within defined limits and decisions 
are made from correlation and sig- 
nificance analyses of the data 
The statistical control of contin- 
uous chemical processes can 
A. Give good overall process con- 
trol under operating 
conditions 
Determine the effects of vari- 
ables in the stream or on othe: 
variables 
Give correlations from which 
predictions may be made 
Give information which might 


lead to increased process effi- 


routine 


ciency or process simplifica- 
tion 

A successful example of this ap- 

proach appears further along in the 


presentation 
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STEPS IN THE STATISTICAL 
CONTROL PLAN 


With the background for the sta- 
tistical control of continuous proc- 
esses in mind let us proceed with the 
steps leading up to the execution of 
the final plan 

The objectives of a control plan 
are the reasons for its very exis- 
Therefore before selecting 
should consider the 


tence 
objectives, we 
limitations imposed by the equip- 
ment, the process, and the people 
operating the process. The limita- 
tions May not appear serious but to 
save time and effort they should be 
and the objec- 
tives proposed accordingly. Another 
in the selection, of 
the availability of 


scrutinized closely 


consideration 
course, will be 
funds to carry on the project 
Having selected the objectives, a 
statement of the plan follows. In 
formulating this plan it is best that 
it tie in with existing controls and 
conform as closely as possible with 
the framework of present operations 
The plan must then be sold. It 
must be sold to responsible superiors 
holding the strings, to the 
foreman directly 
process and to the operators who are 


purse 
supervising the 


manipulating the process but who 
may never have heard of statistical 
analysis. Perhaps others must also 
be convinced that the plan is feasible 
and that it has a very practical place 
in the scheme of the operation. The 
plan must usually be presented with 
tact and forethought 
should have full acceptance by ev- 
concerned furthe: 
steps are taken. Many well founded 
fallen by the 
underway, 


because it 


eryone before 


plans have wayside 
before they 
through disinterest and 
lack of cooperation. Teamwork is a 


must in the successful operation of 


were well 
mistrust, 


a statistical control plan on a con- 
tinuous process 

The preliminary phase, or trial 
period, starts with the first meas- 
This period is full of un- 
certainties and speculation. Pro- 
cedures are checked closely and the 


urement 


accuracy and precision of measure- 
ments verified. The methods of sam- 
pling and measuring, that 
specified, must be scrutinized to de- 
tect flaws and make improvements 

As the data are being collected 
they are gone over very thoroughly 
The statistical machinery is then set 
up for detecting sampling error and 
Suit- 
able control charts are prepared to 
chart 
continuous basis and a running rec- 
changes 


were 


measuring process variability 
fluctuations on a 


in-process 


ord prepared of known 


which might affect the process. The 
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analyses of the preliminary data 
should indicate inadequate sampling, 
if present, and a need for reorgan- 
izing either part or all of the origi- 
nal plan 

The trial should also be 
used to acquaint everyone with the 
procedures that will be followed and 
to rehearse for the execution of the 
final Special 
sampling (measuring) standards are 
reviewed with emphasis on taking 


period 


plan instructions in 


samples which are representative of 
the material being measured at the 
The operations of the plan are 
discrepancies 


time 
coordinated and any 
are smoothed out or eliminated so 
as not to plague the operations at 
a later date 

When the revised plan has been 
completed and approved the project 
is officially ready to get underway 
A starting 
final arrangements made 
plan is put into 


time is scheduled, all 
everyone 
alerted, and the 
events 


operation. As significant 


show up, lines of action are deter- 
mined and decisions made to direct 
the plan toward the chosen objec- 
tives 
To summarize, the recommended 
steps to be taken from the incep- 
tion te routine operation of a con- 
tinuous process control plan are 
given below 
1. Investigate all aspects of the 
process 
2. Prepare a background for the 
application of the statistical 
control technique 
3. Select and state the objectives 
1. Formulate the statistical proc- 
ess control plan 


5. Organize and sell the plan 




















Progress through the prelim- 
inary phase 
Revise the plan and tighten the 
organization 
Execute the final plan 
9. Strive to attain the objectives 
AN EXAMPLE OF THE METHOD 
Figure 1 is a model representation 
of Bristol's extraction process. The 
first extraction step reduces the vol- 
ume of solution (increases the con- 
centration of material) and produces 
the first spent or residual stream 
The objective is to minimize the po- 
tency of material in the spent stream 
As the rich stream passes through 
Stage B further concentration takes 
place and the second spent stream 
emerges. Similar statements apply 
to Stage C and Stage D; Stages A 
B, and C are continuous while Stage 
D is a batch-type operation 
The Contribution of the Statistician 
Since the overall recovery of ma- 
terial can be determined accurately 
only at the end of Stage D, and the 
accuracy and precision of the rich- 
stream analyses left something to be 
desired, it was necessary to measure 
through the 
spent work of the 
statistician consists in determining 


in-process efficiency 


streams. The 


the sampling for these streams, plan- 
ning experiments to catalog sources 
of variability, analyzing sample data 
both graphically and arithmetically 
and interpreting the results of the 
analyses. This last step in particular 
must be a joint responsibility of the 
statistician and the process super 
visol 
Outline of the Work 

This example can be presented in 


three parts 
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I. The two-week trial period 

Il. Routine control for 12 weeks 

Ill. Analysis of a subsequent pe- 
riod of 41 weeks 


The Sampling Procedure 

Before the trial period, the pre- 
liminary steps 1, 2, 3, 4 and 5 were 
carried out. Step 4 


sampling procedure 


includes the 
which was set 
up as follows: Two samples to be 
taken of the spent stream at Stages 
A. B, and C during each of the three 
8-hour shifts. The first sample to be 
taken one hour after the start of 
each shift and the second sample to 
be taken one hour prior to the end 
of the shift. At the final stage of 
the process (Stage D), one sample 
to be taken from each accumulated 
batch 
The Two-Week Trial Period 

A pilot run of the experiment was 
made for a two-week period in orde 
to test the plan and to allow the op- 
erators to become familiar with the 
operating procedures. From it we 
developed the following informa- 
tion 


1. The variability pattern was dif- 
ferent for shifts, and days, but 
not for samples within shifts 
This statement applies within 
stages and across stages of the 
process 
Several samples were not taken 
as planned 
The process was not operating 
at several points during the 

two-week period 
Unexpected assay results o« 
curred 
The net effect of this set of cir 
cumstances was to reduce the 
chance of definitive conclusions 
based on statistical analysis, but 
the major process characteris- 
tics were uncovered 

A few 

made, but the great value at 

this point was the knowledge of 


process changes wer 


the control procedure acquired 


by operators, foremen, super- 
visor and statistician 
Routine Control For 12 Weeks 
The sampling plan was revised 
whereby one sample of the spent 
stream at Stages A, B and C was to 
be taken during each of the 8-hour 
shifts. Also, the analytical deter- 
minations were corrected for better 
A 12-week 


period was required in order to 


accuracy and precision 


segregate personnel effect and pro- 
cess effect from shift rotation. In 
addition to the control chart tech- 
nique and the analysis of variance 
technique which were used during 
the trial period, correlation tech- 
nique was used effectively in this 
part of the study The following in- 
formation was obtained from the 
statistical analyses 
1. Much of what was originally 
considered as possibly real, dis- 
appeared with standardization 
of sampling and analytical tech- 
niques 
Some 
more efficiently at certain stages 


operators performed 
of the process than other op- 
erators 

There were opposing relation- 
ships between some stages 
whereby a decrease in potency 
of the side stream at one stage 
acted to increase the potency 
of the side stream at the next 
stage. Until this opposing rela- 
tionship was broken by a pro- 
cess change, there was no pos- 
sibility of increasing the effi- 
ciency of the process at these 
stages and consequently in- 
creasing the overall recovery 
beyond a definite limit 


Analysis of a Subsequent Period of 
41 Weeks 
Process changes were made 

throughout this period and evalu- 

ated statistically. Process operating 
procedures were written and class- 
room training in chemical engineer- 


ing principles was offered to all 


foremen and operators. A few of the 
detailed 
period were 
1. Continued amount of unassigned 
variability at some stages, es- 
pecially Stage A. Further work 
should concern the fermenta- 


developments from this 


tion process where the extrac- 
tion rich stream originates 

Some process changes effected 
a subsequent stage; howeve: 
as mentioned previously, the 
concentration of material in- 
creases with each stage, conse- 
quently, both volume and con- 
centration were considered in 
evaluating changes 
Further corrective 
the analytical methods made it 


action on 


possible to obtain a better ma- 
terial balance across the entire 
process 

Many of the data uncovered 
were not entirely understood 
However, the process was 
brought into control and valu- 
able information was obtained 
during the study. The control 
plan should continue and the 
objectives of higher process 
efficiency, a greater yield of ac- 
ceptable product, and a reduc- 
tion of processing costs should 


be realized 
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Some Applications of Quality Control 


Techniques in Motor Oil Can Filling 


V. FILIMON, R. MAGGASS, D. FRAZIER, and A. KLINGEL 
The Standard Oil Company, Cleveland, Ohio 


This work originated when accounting reports showed 


The first phase of the work consisted of investigation 


extensive monthly shortages in filling stocks at ow of the filling operations. Three filling machines were 


company can filling plant. The plant manager requested used to fill quart and gallon motor oil cans; a six 
the operations staff group to look into the situation and spindle one-quart, a twenty-eight spindle one-quart 


determine what could be done to remedy it. All work and a sixteen-spindle one-gallon machine. It was found 


described in this article was a joint effort of the opera that the sampling procedure which was used at that 


tions group and plant personnel time was totally inadequate. Two or three cans wer: 
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Figure 1—Quality Control Chart on One-Gailon Filling Machine 


from the line and weighed and the machine ad 


taken 


justed high or low according to the average weight 


This resulted in over control; the machines were being 
sometimes 


de« ided 
techniques to the 


adjusted far too frequently, and, of course, 


in the wrong direction. Consequently, it was 


to apply statistical quality control 


filling operation 
In order to this the 


manner as possible, it was 


science to operating 


introduce 
foremen in as convincing 
decided to begin by taking a large sample ol ‘veral 
hundred filled cans from 


distributions 


the oil filling production line 
from the 
ults ol the 


normal dis 


Frequency were constructed 


lata. This was done to illustrate that the res 
filling operation followed a recognizably 


Statistical 


chart techniques, were 


tribution quality control, including control 


plant 


held 


then explained to all the 
which 


months 


discussions were 
weekly over a period ~ about three 
This the work 


but it to be worth while for 


it demonstrated quite strikingly to the operating 


foremen in a series ol 
first phase of required considerabl 
time was felt two reasons 
First 
people that the approach used was realistic and consé 
quently it bolstered their faith in the techniques of the 
Second, it established that the type 
of distribution being studied was 

The the preparation 
tailed which 


filling machines. One of the 


program to follow 
approximately normal 
was and use of de 


next st p 


control charts were maintained on the 
first machines to which the 

the filler In 
this machine a single stream of cans is fed to 16 con 
Each head fills a can 
The 


is maintained in the product strean 


te« hnique was applied was one-gallon 


secutive filling heads or spindles 
and ejects it to a common product stream orde: 
of the 


16th can comes from the same head 


heads every 


the 


sampling 


Figure 1 shows an example of a control chart on 
filling The 
plan for this control chart was designed to be 


one-gallon motor oil machine 


rational! 


with respect to time. A sample of five cans was selected 


over a relatively short time period of five minutes 
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with approximately a one-hour interval between san 


pling periods. In this manner, machine drift or chang: 


between samples would be detected by use of the chart 
Also, the samplir plan had to be designed to take care 
tf the “ordering of the 
stream. If the individual 


fixed cycle say 


filling heads in the product 


cans were selected according 


to some multiples of 16. cans from a 


single head would appear in the sample. Samples from 


individual heads oI limited combinations ol heads 


would not represent the whole machine. A simple and 


practical way to avoid this was to select individual cans 
approximately one minute apart, the time interval being 
the time required to weigh a can before taking the next 
line During thi 


to eliminate 


enough cans 


definite pat 


one from the interval 


pass the sample any 


Each X plotting on Fig 
of five can weights obtained in this manne: 

The chart 
wide than 


there is a 


would 


tern l represents the average 
expected to show 
control charts for heads 
difference The 


method used for isolating and measuring the difference 


control would thus be 


limits individual 


provided between heads 


between heads will be discussed later on in the article 


Detection and elimination of important causes of vari 


ation resulted in the control limits shown as 


of May, 1953 


The lowe I 


narrowe! 


chart shows the range, R 


The wide 


the 
1f each sample of five cans 
scattered data 
during this first period, June 
The 


how 


portion ol 
control limits and 
considerable variability 
1952 


limits as of 


indicate 


range 


May 1953 
keeping 


much narrower control 
the 
operation 


through 


made in 
This 


imination of 


which the plant 


better 


progre 


filling under control reduction 


was achieved systematic e causes 
1 variation 

The May, 1953 
proved control on the 
to illustrate a 


stitutes a 


group Was 8¢ lected to show the im 


process avcrage and range and 


run’ during this period, A “run” con 


interpreting the chart in addition 


fall 


fall on the same 


mean fol 
outside the control limits 
side of the 


to the where a value 


Here, 12 


CaM 
out ol 14 ay 


nt vould very eldom 


Distribution of Individual Can Weights on One-Callon 


Filling Machine 


Figure 2 





occur by chance, one concludes that a new factor has 
caused a deviation from expected results, and effort 
spent seeking it is justified 


Normally, when the plottings show lack of control, 
assignable causes are identified and eliminated. The 
control limits and central line are then recomputed 
If this were done, the chart would show that the aver- 
ages had shifted down. In this particular case we pro- 
ceeded differently. The central line was left at the 
previously established target filling level, and the con- 
trol limits were then added. When the plottings were 
made, they indicated a “run,” showing that the target 
value was not being maintained. The probability is 
very small that such a run would occur by chance alone 
if the true average were at the central line. Conse- 
quently, we concluded that the average had shifted 
down and took action to bring it back up to the target 
level. In this case the run is also accompanied by two 
plottings which are out of control low, and which con- 
stitute a strong indication by themselves 


When the total picture of before and after is thus 
viewed, the plant's progress becomes obvious. Reducing 
the variability results in an economy in the following 
manner 

Figure 2 shows normal distribution curves for indi- 
vidual can weights in three cases. The first case repre- 
sents the first period, June, 1952, previously referred to 
It will be observed that 16 percent of the cans could be 
expected to be underfilled. The large percentage of 
underfilled cans could be remedied in either of two 
ways. First, the variation could be left alone (Case 1) 
and the average overfill simply increased enough to 
fill essentially all cans to the one-gallon level. This 
would have required raising the average fill by 0.25 
lbs./gal. and would have cost approximately $25,000 
per year for additional oil fill on this one machine. The 
other approach (Case II) was the one taken—namely, 
to leave the average fixed and attempt to reduce the 
variation. This approach was quite successful. In fact, 
if a good state of statistical control can be achieved, the 
average can be reduced and still give an expectation of 
only 13 cans in 10,000 to be underfilled 

In order to facilitate the analysis of the variation, 
two additional techniques were used. The first of these 
was the group control chart as first developed by the 
British*® and sometimes known as the multiple spindle 
analysis. For a description of this technique, see Sta- 
tistical Quality Control, by E. L. Grant, p. 169. Also, 
“Applying the Group Control Chart for X and R,” by 
D. F. Boyd, Industrial Quality Control, Nov. 1950, p. 22 

Figure 3 shows a portion of a group control chart as 
it was first used to analyze sources of variation in the 
filling operation. Only the average data are discussed, 
since they were of primary interest at the time. The 
ordinate is X, or average weight of a rational sample 
of five cans taken from a given spindle of the 28 spindle 
one-quart filling machine. The abcissa is subgroup or 
sample number, Rational samples were taken from each 
of the 28 spindles of the machine, five cans being taken 
from spindle one, five from spindle two, etc. The idea 
here is to compare spindles to determine whether the 
spindles are significantly different, and consequently, 
a factor causing variation. 

Under ordinary circumstances, where the number of 
spindles is small, say four or six, only the largest and 
smallest averages are plotted. For example, a sample 


*"A First Guide to Quality Control for Engineers pp. 24-28 
Ministry of Supply Advisory Service on Quality Control, Berkley 
Court, Glentworth Street, London NW 1, England 
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cans 
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AVERAGE BT OF 5 








SUBGROUP NUMBER 


Figure 3—Group Control Chart (Sometimes Called a Multiple 
Spindle Analysis.) 


of five cans is taken from each of the spindles, the re- 
sults recorded, and the averages and ranges calculated 
In our case for the first subgroup from all spindles, 
spindle one came out with the largest average, and 
spindle 15 the smallest. The average for spindles one 
and 15 are thus plotted on the control chart and a small 
“1” and “15” added by each point. This procedure is 
repeated for each subgroup. Now if, for example, No 
1 turns out to be the highest too frequently, (and it 
did) we can conclude that it actually averages higher 
than the others 

In our special case, since there were a relatively 
large number of spindles, the three highest and three 
lowest averages were recorded. This was done simply 
to sort out the offending spindles faster. For example, 
the chart shows: 


Number Times 
in First Three 


Spindle 
Number 


Highest 


Lowest 


In this manner the most radical spindles were quickly 
sorted out and corrected. Before readjusting the spin- 
dles it was first necessary to measure their absolute 
level rather accurately, to determine how far to move 
them. This was done using an ordinary control chart 
technique on each spindle 

Figure 3 also includes control limits which were ob- 
tained from the range data on each of the samples of 
five cans on the 28 separate spindles. The range on 
spindle samples of five is a measure of the variation 
within spindles; averaging 28 spindles for five subgroups 
(140 range values) gives us a pretty good measure of 
the within-spindle variation. When the resulting con- 
trol limits are drawn around the grand average X, they 
show the area in which the averages could be expected 
to fall if no spindle-to-spindle differences existed 
Obviously, a good many of the spindle numbers in the 
portion of the chart shown indicate significant spindle 
differences and justify action. However, first things 
first, and it seemed best to correct those “repeaters” 
which were the furthest out of control 
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Analysis of variance* was anothe1 technique which TABLE !—Analysis of Variance Twenty-Eight-Spindle 
was felt to be helpful i analyzing the causes of vari- One-Quart Filling Machine 
ation in the several filling machines. Before this pow 
ful statistical tool « ild be applied t was necessary 
determine which factors should be included in 
analysis Th tact wer sugge sted largely by 
operating people w hose xperience was thus utilized 
in their selection 
Table I shows an exan ple of variance analysis on the 
one-quart filling machine. Two main effects, spindles 
and days, were tested, the days’ effect coming out in 
significant. The spindles’ effect was significant, being 
in agreement with the multiple-spindle control cha 
findings. The variance analysis showed one first-orde 
interaction, spindle-days, to be significant. This means 
that the spindles are different on different days: that 
s, the spindles are significantly different, but probably 
wander about from day t y. This was an interestin 
and important finding inasmuch as it had to do with technique | liscussed in detail by K. A 


some sort of drift in the apparatu Referring back to ywwnlee in the ele! siven. Since this is essen 


the multiple -spindle analysis, Fig. 3, \ that the lial what was done with the multiple spindle analysis 
interaction is indicated by this technique also. Fo: ising individual control charts, it is not included as a 
example comparing subgroup two to subgroup one. we variance analysis technique in the article 


° ' , ; ; 
see a general “drift” of the whole machine at the t The 1 ultiple pindle analysis, variance analysi and 


t irri 


this subgroup was taken. The significance of t) ates yntrol chart techniques, all contributed toward bring 


: j 
action factor then, justifies attempts to find its caus« g the operation into ‘ f “control” and yielded 
One othe interesting aspect of the interaction idea | to keep it there components, or Causes ol 


is brought out in the variance analysis table The va ion, were found by ' the control chart. Other 


main effects are. of course compared against the i rie ubtle cause vere found by the more refined tools 


action term { significance. since interaction is signifi ussed. These causes were eliminated or reduced by 


cant here The presence of the large interaction term ngineering approaches 


in the main effect “days” m be masking this effect Other benefits to the filling plant as a result of the 


such that it really is significant. but not | rough operative work undertaken have been 

to stand out. A further pursuance of | technique 1. Introduction of statistical quality control by thes 

should be done in this sé namely, breaking the ex and other exampl 

periment down into individual experiment for exam 2. Applications of the methods to other problems 
spindles, and then testing days « given 3. Statistical concept of specifications and the setting 


ol reali tic tolerance 


1. Prompted search for underground leaks, resulting 


on and elimination 





Planning and Operating a Receiving 


Inspection Department* 


ARCHIE R. JACKSON** 


Allen B. Wrisley Company, Chicago, Hlinois 


No singlk phase ol quality control the necessity tf i vi yin ‘ in : yetting tarted o thi 
has as wide spread applications ol tio operation, many ! 4 { é uss¢ Planning and Op 
affects as many departments and ne gotten into th F This ma erating a Receiving Inspection De 
operations a the receiving inspet due to uncertai ) yn nov partment 
tion function. 4 the upper end ol F hi ampling plan t al ~ : 
an industry scale. the material belne ws we y= NATURE OF THE BUSINESS 
received would covered by de can 2 long without it. Most To gain some ide: the impor 
tailed blue-prints, specifications, and y ce | and inspection ( tance of this receiving inspection 
association agreements which al ay roduced to varlo functior Wt hould consider the 
vigorously enforced by all part ypes of sampling tal ie] ' nature of bu ess to which it i 
At the lower end of the cale y ating char : ! } ; elated, Qu oaps and cosmet 
deal in strictly co rcial m: ria! fic n f fee , vith a very wide variety of prod 
where price and delivery . } th nal ‘ l ity ) ‘ ict We ave rage about 2.500 active 
main considerations and product which are in a constant 
understood that you take w yo F lang It is the very na 
get. Somewhere between these two the - oo. A , = c ‘ " f the busine that product 

y Cor 
almost everybody spite ol see 


extremes ies the ." * OF Material trol Cli merchandising seldon 
Jack 
ctur ror ya 
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even from season to season Some 
of the items carry the Wrisley label 
but item-wise we make more unde1 
customer labels, which we call “pri- 
vate brand.” They are made for the 
leading department stores, grocery 
chains, drug chains, jobbers, per- 
fume houses, industrial users, laun- 
dries, wagon and truck routes, etc 
Each one has different 
which are reflected in their 


problems 
prod- 
ucts’ specifications and hence in the 
receiving inspection operation. In 
general, the products 
milled toilet soap, liquid and soft 
soaps flakes both pure and 
filled, soap flakes, tower 
blown soap granules, ground soap 


consist of 


soap 


milled 


granules, hand cleaners, wall clean- 
ers, bath salts, bubble bath, creams 
dressings, 


lotions, colognes, hair 


shampoos, gift sets, and glycerine 
From this variety of products and 
customers, some idea of the magni- 
tude of the problem presented to 
control the quality of the incoming 


components may be seen 


WE HAVE PROBLEMS 
Prior to the setting up of a qual- 
ity control department with a re- 
ceiving operation, oul 
situation was much the same as any 


inspection 


organization which has attempted to 
get along without formally checking 
each lot as it is received and record- 
ing its findings. As material was 
received, it was checked in for quan- 
tity; samples given 
chasing, and development for their 
comments and decisions; and placed 
in the warehouse. As it was requisi- 
tioned out for use we depended on 
the factory user of the material or 
packaging check the 
quality and performance. This might 
be within a few days after it was 


to sales, pur- 


supplies to 


received or a matter of months 


When 


operations came to a jarring halt; 


things were found wrong, 


but not always before there had 
been a lot of lost time and scrap 
conditions it was in- 


went 


Under such 
evitable that 
through unnoticed or not reported, 


to be picked up later by the cus- 


many things 


THE ALLEN B. WRISLEY CO. 


RECEIVING INSPECTION PROCEDURE SHEET... , 


, ’ 
Cormunedity Number 33 le oo, 


Commodity Name 


17905, 19910, O31°1 


Purchase Order No 


AK 
Instructions By 
CHARACTERISTIC 
Overflow capacity l «4 
Thread Diameter or 
Open finieh 


Neck Heian all 
Glase Distribution 


Giees cclor S lear 
Surface lmperfectia 
jrose weight 


Bottle Formation end neck contour 


jo reen tina Blue and Gold (cheek with 


furntened samples.) 
Ceommedity Must Be Tested as Indicated 


On origins\ weer make 
eech wcld nuwsber 


mplete check 


Manufacturing Difficulties Experienced Are 


May Fair Band Lotion Bottle 


Authorized By 


a Bet 
Supplier's Name 3* ¢ pany 


Supplier's Address 


Approved Suppliers 


FACTORY Q.C. 
ARI 


Effective On 


% INSPECTION CHECK BY 


* from each wold WN | Laboratory 
jampling plar | Gage « 24. 
| Gage 

, Gast 4 «%. 
j Visual 

| Vieua) 


Visual 


Special Instructions 


Packed ir reuse cases 
1 doser 


wilh partitions 


Customer's Complaints 


Reported 


Printing not clean and 
distinct. 


Figure | 


tomer or sales personnel. Reporting 
such difficulties back to the sources 
of supply, weeks or months afte: 
the receipt of the material, did not 
always promote the best of vendor- 
user relationships. Difficulties ex- 
perienced in the use of the material 
and the resultant lost time in the 
plant were worrisome. The time lost 
in failure to 
being forced to sort the acceptable 


meet schedules and 
product from the unacceptable were 
heavy cost items. On top of all this, 
we had no way of evaluating or 
checking the level of the quality of 
the materials coming into the plant 


PLANNING THE PHYSICAL 
SET-UP 
From previous experiences in 
setting up receiving 
knew that much preparation work 
must be done before it could be- 
come a going operation. Planning 
must be started on different phases 
to meet a cordinated time schedule 
and not hold up its progress. Th 
actual receiving function was con- 
centrated in two spots: one to han- 
dle truck and tank car shipments of 
basic fats and chemicals; the other 
to receive the balance of the wide 
The physical 


inspections, I 


variety of materials 
arrangement of our plant lent itself 
well to this operation as there were 
definite control points through which 
the material had to go before the 
receiving manifests could be made 
up for admittance to stock rooms 
Adjacent to this 


located our re- 


and warehouses 

receiving area, we 
ceiving inspection office and testing 
area. Space was set aside in which 
to hold temporarily the shipments 


awaiting sampling and clearance 
While these areas were 


pared, we started work on our sam 


being pre- 


pling inspection plan and receiving 
procedures 


GATHERING PRELIMINARY 
INFORMATION 


Only a very small portion of the 
items to be inspected had any spe- 
cifications beyond price, delivery 
and a general agreement to be com- 
mercially acceptable. The task ahead 
appeared to be long and detailed 
We listed 2,500 different basic com- 
modity Each of 


commodity numbers in turn had as 


numbers these 


many as 20 point or sub-numbers 
denoting an item used in that com- 
modity. For instance, it might be a 

cologne which would use a 

bottle, 751.2 cap, 751.3 label, 

ribbon, 751.10 case, etc. This 
ruled out an initial ful’ and com- 
pletely detailed inspection procedure 
for every commodity and point num- 
ber. The classification of inspection 
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characteristics into varying degrees 
of seriousness such as: critical, ma- 
jor, minor, and incidental would 
multiply the problems again. The 
use of different quality levels for 
certain items and/or characteristics 
would require several inspection 
plans which would in turn compli- 
cate the inspection work. No pre- 
vious knowledge of vendor's history 
or process averages was available as 
a guide. Each item as received might 
be a one time proposition or con- 
tinue for years. The selected plan 
must encompass all these problems 
and be fair to both our suppliers 
and to the company 

We gathered together all the in- 
from 


formation we had available 


purchasing, sales, product develop- 
ment, laboratories, and factory. This 
was grouped as related to general 
materials or 


classes of products 


without trying to tie it down to 
specific items. This served as the 
frame-work for general inspection 
characteristics. We applied this gen- 
eral information to the specific com- 


Hence 


a general weight specification was 


modity and point numbers 


changed to so many pounds o1 


sunces Color be« ime red per sam- 
ple, proof, or color book. Size would 
now be a definite dimension, say 
6% * 1/64 inches 


to run length of cut sheet 


Grain of paper 
Caps to 
fit a specific bottle, gage, etc. This 
information was all recorded on a 
receiving inspection procedure sheet 
which covered all characteristics to 
be checked and recorded. (Figure 
1.) 

Each commodity and point num 
folder in 
which all records relative to it are 


ber has an _ individual 


placed. This includes the inspection 


procedure sheet, purchase orders, 


correspondence, copies of all com- 
pleted receiving inspection reports 
supplementary tests of laboratories 
re-work orders, and quality control 
floor check reports. Testing methods 
to be used, manner of storage, ex- 
perience of plant with item, trouble 
due to it as reflected in customers 
complaints, and in general our com- 
bined experience with this particu- 


This is added 


and ‘ ondi- 


lar item is all shown 


to as time, experience 


tions warrant 


WE LOOK AT PRESENT 
INCOMING MATERIAL 
We had no previous knowledge AS 
to 
1. The s of incoming lots 
2. Past history of suppliers 
Ex pec ted fraction defective 
or nature of defects 
al plan ve decided to use a 


ue sequential which in my 
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experience had been used very suc- 
cessfully in the aircraft industry 
It was based on an arbitrary accept- 
able quality level of two percent and 
an unacceptable quality level of ten 
percent. The risk factors were set 
for acceptance 95 percent of the 
time for the acceptable quality of 
two percent (rejection five percent 
of the time); and acceptance of the 
ten percent undesirable quality only 
one percent of the time. Also, since 
there is no change in sample size 
regardless of lot size, it would be a 
plan easy to administer in this ex- 
ploratory stage. Using this selected 
plan, we started collecting data. This 
we did by inspecting every ship- 
ment received for three consecutive 
months. The original procedure of 
accepting all lots as received was 


We kept all of the 


inspections to ou! 


still carried on 
results of ou 
selves during this test period The 
fraction defective 


average during 


these three months varied between 
25 percent and 32 percent for the 


listed We had a 


conference with the 


characteristics 
management 
purchasing, and factory where we 


thoroughly discussed our findings 


It was decided that our principal 
sources of supply would be notified 
that starting with October of 1947 
all incoming material would go 
through a receiving inspection oOp- 
eration. For a 60 day trial period 
no lots would be rejected sorted 
or repaired without a mutual agree 
ment between the supplier and the 
purchaser. Any action taken on 
these rejec table lots had to be in the 
best interests of all parties. The 
rehearsal was over and now we 


were ready for the real show 


SLECTION OF SAMPLING PLAN 


From this preliminary inspection 
it was noted that about 75 percent 
of all the lots 
being less than two percent defec 


were acc epted as 


tive; and about 15 percent of the 
lots were rejected as being ten to 
100 percent defective. This meant 
that our materials as received were 
either very good or very bad and 
we only had ten percent of the lots 
in the 
ten percent defective 


“undecided zone” or two to 
Therefore, a 
plan that would make quk k deci 
good ol very bad 
indicated. A 


sions on very 
material seemed to be 
true sequential plan does just that 
so we adopted for regular use ou! 
trial plan which was based on an 
acceptable quality level of two pe: 
cent, and an unacceptable quality 
level of ten percent, a five percent 


risk of 


quality and a one percent risk of 


rejecting the acceptable 


accepting the unacceptable quality 
Knowledge of suppliers or process 
averages is not required to set up a 
sequential plan. But its perform 
ance will depend very much on 
realistic choices of the four basi 
Changes 
in the selected acceptable and unac- 


constants just mentioned 


ceptable percentages, and/or thei: 
related risks will have a direct effect 
on amount of sampling required 
and the sequence of acceptance and 
rejection numbers to be used. To 
attempt to discriminate by sampling 
between say, one percent and three 


percent quality means a_ large 
amount of sampling and hence more 
inspection. Taking smaller risks has 
the same effect. The reverse also 
holds true going the other way. No 
classification of defects as to vary 

ing degrees of seriousness was at- 
tempted in order to keep the opera- 
tion easy to administer. Also, since 
our responsibility covered the use 
ot the 


would add to the detail and mean 


item, such classifications 
additional sampling plans. Any lot 
that failed to pass the plan would 
be reviewed and dispositioned with 


in 24 hours 


We anticipated that while many 
lots would not be accepted by our 
sampling plan, since they would not 
involve an out-right rejection, we 
would have ample opportunity to 
discuss them and our specific needs 
with our suppliers. As it worked out 
not a single unhappy incident took 
We all realized we could not 
continue to live with material which 


plac c 


averaged 25 percent defective. How 
ever, it should be kept in mind that 
this was an average percent defec 
tive, made up mostly of very large 
lots which were almost 100 percent 
detective for the characteristics 
listed 


INTRODUCTION OF PLAN TO 
OUR SUPPLIERS 

In October of 1947 after our first 
full month of operation we prepared 
two reports which covered in full 
detail the results of our inspection 
One of these reports was compiled 
by commodity and the other by sup 
plier We also prepared for distribu 
tion to our suppliers a write-up 
covering our “Sequential Plan,” its 
mathematical 


values computations 


and justifications, and use of eithe: 
a “graph” or “table” as a means of 
explaining and ins.ructing the in 
(Armed with this write-up 


developed lor any 


pect Ts 


a plan may be 
given acceptable and unacceptable 
qualities.) Our purchasing depart 
ment forwarded this materia! to ou 


supplie: We now had a fairly good 
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REPORT NO. 
Figure 2 


picture of just what kind of material all the commodities received that 
we had been receiving in the past month, with the suppliers, but it 
and a yard-stick against which we combines where more than one lot 
could measure future results of an item was inspected. Figure 2 
TYPES OF REPORTS is page three of a 13 page report 
and shows the item giving most of 
Starting with October, 1947, the the trouble. For the month, we re- 
results of our receiving inspection ceived 537,384 cans in 25 lots and 
reports were compiled into monthly they were 72.6 percent defectiv 
reports in which the information Due to production needs, we in- 
was shown in two ways spected them 100 percent, which 
1. By Commodity in which we accounts for the 100 percent figure 
compared suppliers furnishing the Sixty-seven percent of them were 
identical or same type of commodity accepted with the deviations and 
(Figure 2.) On the face of the report signed for by the sales department 
we showed a chart portraying the while 4.8 percent were rejected and 
monthly percent defective and what returned. The detail under the over- 
happened to the material Each all figures simply shows the break- 
month we extended these figures to down into various commodity num- 
show present and past history. Also bers and fragrances. At the extreme 
shown was the number of suppliers right for ready reference we showed 
furnishing commodities falling into the amount and type of defects by 
different brackets of defectiveness a code for each item 
The body of the report shows gen- 
eral heading of types of items and 2. By Suppliers with all the com- 
within that group the supplier, de- modities they had furnished. The 
scription and commodity number of cover showed a summary for the 
the items; number of pieces re- month of the various percents in 
ceived: number of lots received; the each of the percentage categories 
percentage of pieces defective; pre- listed above It also showed a 
work or inspect; salvage or repair monthly percentage figure for each 
accepted with deviation; and re- of the various types of coded defects 


jected. “Prework” in this instance On the next page we showed an 


means the performing of additional honor roll listing alphabetically all 
or missed operations or processes the suppliers who had perfect rec- 
which will be needed to put in us- ords for the month: also the number 
able condition. The “inspect” is a of pieces they had supplied and the 
100 percent sorting often required number of lots. Later we included 
Since this is a summary of the in parentheses the number of times 
month's operation, the report lists that year they had been on the 


28 


honor roll. They became our pre- 
ferred suppliers. The body of the 
report showed only the suppliers 
who didn’t make the honor roll and 
gave their monthly record for all 
items they had furnished. It also 
included the same detail as in the 
body of the commcdity report but 
accumulated by supplier 

Customer furnished items wer 
handled on a separate report in the 
same manner as above 

Items which were not sampled 
using the acceptance plan but using 
the industry practices instead for 
sampling were shown on a report 
for chemicals and colors by point of 
use 

Basic fats and oils were the last 
added. Here again, the sampling 
methods and testing procedures are 
tied in with industry practice. Re- 
sults are charted on a transparency 
from which prints are made at regu- 
lar intervals. New results are posted 
on the master and the prints then 
show both the past and current in- 
formation. Detail records by sup- 
pliers furnish valuable records to 


the raw materials department 


ACTUAL PROCEDURE OF 
INSPECTING A SHIPMENT 
1. When material comes to the 


receiving dock, a receiving report is 
made up which indicates the ship- 
per, amount received, and storage 
point. It is placed in the inspection 
area and cannot move until released 


by receiving inspection 
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found when the bottles were 100 per 
nt inspected with results of 87.0 
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THE RESULTS ARE GOOD 
After several years of experience 


in receiving inspection, we have 


found that our suppliers are also 


happy over * the 
Whether or not they have a quality 


arrangement 


control organization, they report 


that knowing we inspect their ma 
terial kee ps them on their toes and 
provides them with a measure as to 
the kind of job they are 


thei: 


doing If 
ve accept shipments they 
know the are turning out a good 
product. Sorting jobs and rejections 


e discussed fully before the work 
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a Al 
Number of Pieces in Shipment 20/77 


Number of Pieces Inspected 27 
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Number of Pieces Accepted 77/7? 
Number of Pieces Rejected 26132 
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starts or the goods are returned 


which money in shipping 
charges 

It has been our observation that 
the quality improved greatly as our 
suppliers knew we were inspecting 


In fact it dropped 


saves 


such a set up? 


their shipments 


from 27.5 percent the first month tion reports where 
making up of the monthly reports tire organization with that specifi 


to less than ten percent in three 
months and has improved steadily 
since then. Once they knew what 
we wanted, they made the improve- 
compiling of the 
ing, posting and 


ments themselves and it was not 
necessary to change suppliers except 
in cases of incurables and oils report 


Since we have quality control all hours of work a 


through the operations, we have But things were 
simple and organized as they are at ment it is almost 


opportunities to see just how effi- 
cient our receiving inspection really 
operates. For a whole year, we only trol projects, a 


found three cases where our plan was spent originally in planning, 
conferences, and cooperative effort All in all, it is a fairly compact 


admitted material which it should 


have caught. But even this was less Six weeks were 
man in selecting the characteristics 
to be checked. During this time, he they are required; 


than our calculated risk as it was set 
up to accept one percent of ship- 
ments due to chance alone that were 
really ten percent defective. Now 
when material has been accepted 


Just what does 
One fuli time man 
new handles it all, even to following 
through and securing most of the 
approvals for the receiving inspec- 


is an office function which requires 
six hours of tabulation and an ad- 
ditional six hours 
report. The secur- 
issuing of the fats 
involves about 20 
month 


present. Just as in all quality con- 
great deal of time ning receiving and inspection de- 


required by one 


worked with every affected depart- 
ment head in recording those char- 
they knew from 


acteristics which 


we feel safe in scheduling produc- past experience should be checked 
tion involving its use and had given them trouble. Of 


course, in these early stages even 
those rather 
general, but as time went on they 


cost to handle 
specifications were 


became more specific and detailed 
At the present time they embody 
necessary. The the combined experience of the en- 
part during the past six years 

We also owe a great debt to ou 
of typing and purchasing department which has 
worked unceasingly with our sup- 
pliers, as the go-between man, in 
making our needs known to our 
Without the co- 


operation of the purchasing depart- 


sources of supply 
not always so 
‘ 


impossible ) 


operate a sound and smooth-run- 
parment 
set-up, designed and built for ou 


details where 


knowledge of 


type of operation 


materials and their intended uses 
simplification when it will do no 
harm 
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“,.. BUT NOT FORGOTTEN” 








Eighty-four persons attended the 
Third Annual Dinner Meeting of 
the Dallas-Fort Worth Section. at 
the Fort Worth International Airport, on June 16. L. L 
Turner, Assistant to Manager, Convair-Fort Worth Di- 
vision, guest speaker, gave a sprightly after-dinner 
address to this well attended meeting 


DALLAS 
FORT WORTH 


At a meeting on June 13 of out- 
going and incoming officers, prog- 
ress was made in the development of a program to re- 
vitalize the Birmingham Section. An intensive mail 
campaign and personal visits, under the Chairmanship 
of Neil Zimmerman, will be conducted during the next 
It is planned to contact approximately 


BIRMINGHAM 


few months 
300 organizations 


INDIANAPOLIS On June 15 the Lafayette 
Lafayette Subsection Subsection held its final 

1954-55 meeting at the Bi- 
ology Annex of Purdue University. Dr. Irving Burr 
Professor of Mathematics, Purdue University, presented 
a “Summary of the 1955 Annual Convention.” Primar- 
ily his subject covered the many important conference 


paper Ss 
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On June 8 the Kansas City Section 
held a dinner meeting at the Blue 
Hills Restaurant. Members Hugh Springer and H. C 
Heyde gave reports to the section on their trip to the 
Annual Convention. Hugh Springer, newly 
Section Chairman, announced the appointments of the 


KANSAS CITY 


elected 


various committee chairmen. After all business was 
transacted, the meeting adjourned for the summer 


The last meeting of the current sea- 
son was a fitting climax to a very 


MICHIGAN 


successful year. It was a question and answer affair 
by a panel composed of several Michigan Section ex- 
perts. They answered all queries fired at them by a 
good crowd that assembled for this last session 


On June 8, the Executive Commit- 
tee met at the home of the newly 
elected chairman, Bob Callahan, to formulate plans 
for the coming season. Committee chairmen presented 
their programs and ideas to further promote the Sec- 
tion’s objectives and insure a successful season. These 
sessions will continue throughout the summer 

This Section has also distributed a questionnaire to 
all the membership soliciting ideas for a better program 
this coming season. Several offered very good ideas for 
the new educational program and the Executive Com- 
mittee will be guided by these suggestions 


NEW HAVEN 
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SEATTLE Dr. Francis J. Pilgrim, Assistant Chief 

Acceptance Division, Quartermaste: 
Food and Container Institute for the Armed Forces 
Chicago, presented “Measurement of Preference and 
Flavor in Food Acceptance Research and Quality Con 
trol” on June 14 for the year-end meeting of the Seattle 
Section. This meeting was planned as a “Ladies’ Night’ 
and 109 members, guests and their ladies were present 
to enjoy Dr 
Smorgasbord 


Pilgrim's talk following cocktails and 


June 3 


STATE UNIVERSITY OF IOWA The 


meeting ol the 
State University of Iowa Section was in lowa City 
H. R. Harrison, Collins Radio, Cedar Rapids; Lloyd 
Knowler, State University of lowa; E. W. Langill, John 
Deere Ottumwa Works; and Fred Halton, were the 
featured speakers. Those attending the meeting obtained 
both basic and advanced quality control techniques as 


pre sented by this group ol excellent speakers 


The June 28 meeting of the 
Memphis Subsection was 
held in the Community 

» Room of the Leader Federal Savings & Loan 
suilding. Mr. Charles Latimer, Director of Research 
Development at Nickey Brothers Lumber Co spoke 
on “Highlights of the Ninth Annual American Society 
for Quality Control Convention.” An additional sub- 
ject, “Quality Level Certification” supplemented with 
illustrated slides furnished by the Ford Motor Co., was 


also given 


TENNESSEE 
Memphis Subsection 


WINDSOR June 20 saw the completion of the 30 


hour training course on Statistic 
Used in Quality Control.” Mr. M. D. Nicholson, Timken 
Roller Bearing Co., St. Thomas; Mr. Calvin Kirchen 
Engineering Research Ford Motor, Dearborn: and M1: 
D. J. Malott, Essex Wire Corp., Ltd., acted as instru 


tors 





“,..CAST THEIR SHADOWS BEFORE” 








INDIANAPOLIS A Kick-off dinner meeting 
Lafayette Subsection is being planned for the 

month of September. Mr: 
L. B. Bornhauser, Indianapolis Chrysler Plant Manager 
will be the featured speaker 


KANSAS CITY The first meeting of the fall seasor 

of the Kansas City section will be 
Sept. 14 at 46 p.m. The dinner meeting will be held at 
the Biue Hills Restaurant. Hugh Springer, Chairman 
has dedicated this meeting to membership development 
with a request to each member to bring a guest as a 


potential new member 


SAN BERNARDINO Mr Dale Lobsinger, United 

Air Lines, Denver, Colo., has 
been scheduled as the speaker at the first meeting of 
the 1955-56 season of the San Bernardino Section to be 
held on Sept. 1. Mr. Lobsinger will discuss the use of 
SQC method 


management ontrol 


ST. LOUIS The next meeting of the St. Louis Se« 
tion will be held on Friday, Sept. 16 

beginning at 8 pm in the Chouteau House at St. Louis 

University. A social gathering and dinner will precede 


the meeting 


AUGUST, 1955 


WESTERN MASSACHUSETTS The Septembe: 


meeting olf the 
Western Massachusetts Section is presently in the plan 
ning stage. Individual announcements will go out to 


all membership as soon as the date is set 





“AS YE SOW...” 








The Birmingham Section will hold 
its First Annual Quality Control 
Forum on Oct. 13 in collaboration with the University 
of Alabama. The Huntsville Section will be invited to 


co-sponso! this event 


BIRMINGHAM 


MICHIGAN The University of Michigan Summet 
Session and Extension Service in co 
operation with the Michigan Section announces a 
special program of Quality Control by Statistical Meth- 
ods. This will be a full time intensive program held at 
the University in Ann Arbor, Mich. The course will be 
held from Aug. 17-27 
This course has been offered annually since 1948 and 
has met great success. The enrollment is limited to 60 
persons. It is designed for quality control executives 
and supervisors, inspection chiefs and supervisors, en 
gineers, and purchasing agents. The course is tailored 
to avoid mathematical technicalities, but will give those 
who take it the competance to apply statistical control 
methods successfully in their companies 
Three prominent members of the Michigan Section 
vill be guest speake! at the course They will be 


anada’s Foremost 
Steel Producer 


acknowle dges the 


considerable beneli's 


derived from the activities of the 


AMERICAN SOCIETY FOR QUALITY CONTROL. 


Rigid control of quolity has ever been 
a prime factor in the superiority of 


Stelco's steel and steel products 


THE 


STEEL COMPANY OF CANADA, 
LIMITED 


HAMILTON, Ontario MONTREAL, Quebec 





Deland H. Davis, Leo Harington, and Charles W 
Quillen. These men are all from Michigan industry 


4 


and will present the practical applications of statistics 


CONTACT 


in industry to supplement the teaching staff for the 


Idiewood 


course 


h Corporatior 
of Minnesota 


Further inquiries should be addressed to: Dr. C. C 
Craig, 106 Rackham Blidg., University of Michigan, Ann 
Arbor, Mich 


Co 

W. Hartford 

Society for Q 
Rochester 4. New York 
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Californiz 


SAN FRANCISCO BAY AREA The Second An- 

nual San Fran- 
cisco Bay Area Quality Control Conference will be held 
at Stanford University on Sept. 16. This will be a one 


INFORMATION 
ter 
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da, affair jointly sponsored by the Committee on In- 
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dustrial Engineering of Stanford and the San Francisco 
Bay Area Section. Keynote speaker will be Brig. Gen- 
eral W. P. Farnsworth, Staff Director for Inspection & 
Quality Control, Office of the Asst. Sect. of Defense, 
Washington, D. C. Several other speakers of national 
prominence will be included on the program which will 


Ellis R. Ott 
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H. Selig, Pratt & Whitney 


Connecticut 


S Eichelberger 


FOR FURTHER 
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be divided between management sessions and discus- 
sions on applied techniques. For reservations contact 
Professor Grant Ireson, Stanford University, Calif 


ST. LOUIS A one day Managing for Quality Con- 

ference is set for Sept. 24 at the Jeffer- 

son Hotel in St. Louis. The Panels will cover such 

interesting items as Plant Wide Quality Control, Qual- 

‘ity Control in Management, and many others with all 
talks being by specialists in their individual fields 


WESTERN MASSACHUSETTS § The advanced courss 
in Statistical Quality 
Control to be held in conjunction with the University 


yh 


PLACE 


( 


of Massachusetts Extension for which college credit is 
to be allowed will start in late September. The date has 
not been firmed; however, it is known that the course 
will go for fourteen weeks and the textbook will be 
Dixon & Massey's “Introduction to Statistical Analysis.” 
There will be plenty of advance notice as to the start of 


Cleveland 


this course with detailed instructions 


CARNEGIE INST. OF During the coming at ademi 
TECHNOLOGY year Carnegie Institute of 

Technology will offer, in its 
evening program, two-semester credit courses in Ex- 
perimental Design, Probability and Mathematical Sta- 
tistics, and Statistical Quality Control. The courses will 
meet one evening per week, Monday, Wednesday, and 
Friday evenings respectively, 7:30-10:30 pm, Septem- 
ber 1955 through May 1956 Registration for the 
courses will be Sept. 13, 14 from 6:30-9:30 pm. For 
further information regarding these courses and re- 


OR MEETING 


garding graduate and undergraduate day courses, write 
to Professor Edwin G. Olds, Department of Mathematic: 
Carnegie Institute of Technology, Pittsburgh 13, Pa 


SOCIETY FOR INDUSTRIAL The Society for In- 
AND APPLIED MATHEMATICS dustrial and Ap- 


plied Mathematics 
will hold its Second General Meeting at the University 
of Michigan, Ann Arbor, Mich. on Aug. 30-31, 1955 
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ST. LOUIS CONFERENCE 
SEPTEMBER 24 


The reverse side of the 1955-56 membership 


10-11 
16-11 


February 9 


card inadvertently carried February 24 as the 
date of the St. Louis Conference. The correct date 
of the conference is Sept. 24 


September 10 


1956 
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The following is the program of invited talks: “Mathe- 
matical Logistic Problems,” Dr. Max A. Woodbury 
“Practical Methods for Solving Dual Integral Equa- 
tions,” Mr. Francis P. Callahan; “Characterization of 
Non-Linear Systems,” Dr. Lofti Zadeh; “The Effect of 
Psychological Attitudes on the Outcomes of Games,” 
Dr. Gerald L. Thompson; untitled talk on “mathematical 
programming,” Dr. Richard Bellman; “Some Mathe- 
matical Advances in Statistical Physics,” Prof. T. H 
Berlin; “Remarks on the Tau-Method for the solution 
of Linear Differential Equations with Rational Coeffi- 
cients,” Mr. Yudell L. Luke 

Other Societies which have scheduled meetings at the 
University of Michigan during the week of Aug. 29th 
are: American Mathematical Society; Association for 
Symbolic Logic: Econometric Society; Institute for 
Mathematical Statistics; Mathematical Association of 
America; and Pi Mu Epsilon Fraternity 


OPERATIONS RESEARCH The Seventh National 
SOCIETY OF AMERICA Meeting of the Opera- 

tions Research Society of 
America will be held on Aug. 15-17 at the Hotel Statler 
in Los Angeles, Calif. Mr. Robert A. Bailey, Military 
Operations Research Division, Lockheed Aircraft Corp 
Burbank, Calif. is the meeting chairman 





“FOR MANY ARE CALLED, 
BUT FEW ARE...” 








At the last meeting of the section, the 
newly elected officers for the 1955-56 


MICHIGAN 


season were announced. They are as follows: Chairman, 
Dr. W. D. Baten, Michigan State University; Vice 
Chairman, Dr. E. C. Yehle, University of Michigan 
Secretary, Stephen J. Adams; and Treasurer, Thomas 
J. Anderson 


SAN BERNARDINO San Bernardino Section recent- 

ly held installation ceremonies 
for their newly elected officers for the 1955-56 yea 
The following officers were inducted: Chairman, Jordan 
A. Engberg, Norton AFB, San Bernardino; Vice Chair- 
man, Harold Batchelor, General Electric Co., Ontario: 
Secretary, James A. Butcher, Convair Corp., Pomona 
and Treasurer, Irwin A. Spitzer, Kaiser Steel Corp., 
Fontana 


SALT LAKE CITY The following officers have been 
elected for the 1955-56 season 
Chairman, Wm. A. Hoagland: Vice Chairman, Osmund 
Harline; Secretary, Leon K. Nelson: and Treasurer, 
Sydney H. Drummond 
TENNESSEE The following people were elected offi- 
cers of the Tennessee Section for 1955- 
56: Chairman, Mr. R. L. Murray, Hardwick Mills, Inc., 
Cleveland; Vice Chairman, Prof. R. M. LaForge, Dept 
of Industrial Engineering, University of Tennessee, 
Knoxville; Secretary, Mr. R. E. Rinella, Proctor and 
Gamble Defense Corp., Milan; and Treasurer, Dr. M. T 
Giachino, Grace Chemical Co., Memphis 


The following are the Executive Offi- 
cers elected for 1955-56: Chairman, R 
Cardno, Canadian General Electric Co., Toronto: Vice 


Chairman, D. A. Irwin, Canadian Arsenals Ltd., Scar- 


TORONTO 


AUGUST, 1955 


bora; Secretary, B. G. Graham, Canadian Arsenals Ltd 
Long Branch; and Treasurer, M. J. O'Callaghan, D 
Haviland Aircraft of Canada Ltd., Toronto 


The four newly elected officers for the fiscal 
year are: Chairman, Mr. George V. Wood, 
Revere Copper & Brass inc., Rome; Vice Chairman, Mr 
Paul F. Russo, Bendix Aviation Corp., Rome; Secretary, 
Mr. Joseph F. Drozd, General Electric, Utica; and 
Treasurer, Mr. A. C. Cirillo, Chicago Pneumatic Co., 
Utica 


UTICA 


WESTERN MASSACHUSETTS The four elected ol- 


ficers for this section 
for the 1955-56 season are as follows: Chairman, John 
Hinchen, Monsanto Chemical Co., Springfield; Vice 
Chairman, Joseph Griffin, Westinghouse Electric Co., 
Springfield; Treasurer, George Rice, Old Colony En 
velope Co., Westfield; and Secretary, Carl Bauman, 
Monsanto Chemical Co., Springfield 


The following tried and true have been 
clected to office for the year 1955-56 by 
an unanimous vote: Chairman, M. F. Kennedy; Vice 
Chairman, G. A. Dowling: Secretary, C. E. Laforet; and 
Treasurer, James McMillan 


WINDSOR 


The following is the listing of officers 
for Worcester Section for the year 
1955-56: Chairman, Arthur P. Pingalore, General Elec- 
tric Co., Ashland; Vice Chairman, Warren Arnold, Jr., 
Draper Corp., Hopedale; Secretary, P. Roy Leaman, 
Bay State Abrasive Products Co., Westboro; and Treas 
urer, Francis Olson, Norton Co., Worceste1 


WORCESTER 


Can be adapted to gage S Pp H E R | C A L 


A comparatively sim- 
ple modification of 
standard Comtorplug “ 
design adapts it for 

this use. 


STATE YOUR PROBLEM 


COMTORPLUG with interchangeable expanding 


plugs fo gage simple or special bores from 1/8” to 8” dia. 





Investigate the gage used by the 

UNIQUE ADVANTAGES thousands in jet engine, guided 
Positive gaging accuracy to fraction missile, farm machinery, automo 
of 0001” regardiess of who op tive transmission, household ap 
erates it pliance, and other volume-preci 
Indicates actual size, a fixed—not sion plants. IT MAKES PREC! 
passing—reading SION GAGING EASY at 
Positive 2-point gaging — automatic machine at inspection bench 
centering for selective assembly. No 
Shallow holes, deep holes, inside other like it—investigate and see 
splines, open-end holes gaged easily why 


si mh i | COMTOR C0. 


bell mouth, barrel shape 
Reaches to bottom of blind holes 

80 Farwell Street 
Welthom 54, 


Portable-——-no wires, hoses or stands 








Gages work while still held in chuck 
Massochusetts 


A shop tool for all-day every day use 
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Administrative Applications Pivision 


The organization meeting was held in the Dallas Room 
of the Hotel Statler in New York on May 24. Approxi- 
mately 75 of the more than 250 members were present 
Howard L. Jones was elected Chairman; Dale L. Lob- 
singer, Vice Chairman; William F. Buhl, Secretary; and 
Harmon 8S. Bayer, Treasurer. Committee Chairmen are 
Dr. Carl Noble, Program; Dr. William R. Pabst, Jr., 
Publications; William F. Buhl, Bylaws; Prof. Grant I 
Butterbaugh, Education and Training; Dr. Alex L. Hart, 
Relations with Other Technical Societies; Dale L. Lob- 
singer, Nominations; Harmon 8S. Bayer, Membership; 
Vida Grace Hildyard, Publicity and Promotion. Addi- 
tional committees being formed are Clerical and Ac- 
counting Applications, Industrial Engineering Applica- 
tions and Management Applications 


Chemical Division 


Two meetings were held by the past and new Officers 
and Councilors, one meeting in Chicago before the 
Convention, and the second meeting during the Con- 
vention. These meetings concentrated on ways and 
means of improving service to the members, also pro- 
viding continuity of Division activities. They also helped 
to clarify our goals and objectives for the coming year 
Among the objectives will be a strengthening of Chem- 
ical Division programming to the end that the Chemical 
Division will promote a speaker from the Chemical In- 
dustry at every regional and local conference, as well 
as to as many local meetings as possible. Much of the 
demand for such speakers must of necessity come from 
the local sections and from Conference Committees 

Another aim of the Chemical Division will be the 
strengthening of Councilors’ duties and responsibilities 
These have already been outlined and further work is 
continuing on more explicit definition of the relation- 
ship between the Divisional Councilors and the Na- 
tional Society. One of these responsibilities is to serve 
as a direct contact between the Chemical Division and 
the sections included in the councilor’s district. We 
urge that all members of the local sections and local 
committees avail themselves of the facilities of the 
Chemical Division by directing their requests to the 
Chemical Division by way of the District Councilor: 
The names of the Councilors were previously published 
in the July issue. These Councilors will handle al! re- 
quests promptly, or if needed, will transmit them 
directly to the Chemical Division for further con- 


sideration 





MEMBERSHIP CORNER 








Detailed planning, like that of many progressive in- 
dustrial organizations is a requisite to obtain maximum 
results for any project. Some of the activities of the 
Southern Connecticut Section, which we believe are of 
major importance in attracting and holding membership 
may be of interest to other sections 


1. Careful follow-up of National dues bills and the 
renewals progress, with personal contact as a must 


2. General letters to the membership over the Mem- 
bership Chairman's signature encouraging members 
to invite interested assoc‘ates to meetings 
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3. Distribution of membership lists showing company 
affiliation and position as a means of promoting 
better acquaintance and knowledge of those who 
comprise the membership 

4. Assignment of Executive Committee members to 
greet those attending meetings. Introductions are 
very helpful to get newcomers acquainted, creates 
good will and promotes fellowship. People need to 
enjoy coming to meetings 

5. We maintained a 300 name non-member mailing 
list, with a careful and periodic review to keep it 
effective 

6. Pocket cards were distributed at each meeting and 
contained a brief message of welcome, a descrip- 
tion of the Section and Society activities and an 
invitation to join. Cards were collected, attendance 
by companies and area tallied and membership 
committee followed up non-members who attended 
more than once 
Section requirements as to meeting programs were 
studied and speakers and subjects were selected 
having maximum appeal for the membership. The 
program mate: ial was geared to serve section mem- 
bers and is one of the most important factors in 
attracting new members and insuring renewals 


~) 


8. Extra copies of the year’s wallet size program with 
a synopsis of speaker's topic, general information 
about the Society and Section were mailed to non- 
members and also distributed at the first several 
monthly meetings 

9. An Education Program (particularly basic or in- 
troductory) will attract many non-members. A 
well conducted course, aimed at serving the indi- 
cated needs of the group, will automatically lay 
the ground work for acquiring new members 
Names were placed on a non-member list for in- 
clusion in our mailings. Class sessions were sched- 
uled for the same week day as the regular monthly 
membership meeting and as each date conflicted 
the class session was deferred to the following 
week and all were invited to attend the meeting 

10. A Section Development Program was initiated to 
attract new members from industries not repre- 
sented so as to broaden the membership base as 
well as increase it numerically. It consisted of a 
four-page cartoon brochure, a copy of our yearly 
program, a personalized covering letter and a 
membership application; and was mailed to a se- 
lected list of non-members having quality respon- 
sibilities in area industries. The letter was fol- 
lowed up by personal telephone calls if there was 
no response to the invitation to personally contact 
the sender. A sample of this cartoon folder is avail- 
able from the Southern Connecticut Section 


The Southern Connecticut Section hopes that this may 
provide ideas which have not already been used to 
increase section stature and thus attract a _ broade 
membership 





SIGNIFICANT DIFFERENCES 





Arthur P. Woods, Jr.. Armco Steel Corporation, was 
presented the AISI Medal at the Annual Meeting of 
the American Iron and Steel Institute, May 25-26, 1955 

Mr. Woods won the award for his paper entitled 
“Statistical Methods Applied to Steel Plant Operations,” 
which was presented at the Eighth Annual ASQC Con- 
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vention in St. Louis. It was selected for presentatio: Robert K. Mueller, Plastics Div., Monsanto Chen 

at the Annual Meeting of AISI May 25-26, 1954, and Company was elected as one of the four divisional vik 

by special permission was actually presented at this presidents of the American Management Association i 
meeting before it was presented at the ASQC conven an announcement recently made by the Association s 
tion, for which it was specifically prepared president, Lawrence A. Appley 


The Dow Chemical Company has announced the ap- Wyatt H. Lewis has been promoted from Manager of 
pointment of Harry L. Wehrly as Quality Control Man- Quality Control at the Ontario Plant of General Electric 
ager of its Midland Division. Included among his duties to Quality Control Engineer of General Electric's Manu 
will be the coordination of quality control activities facturing Services Division in Schenectady, N. Y. Mt: 
onnected with the manufacture of goods produced at Lewis is a founding member of ASQC and a Fellow of 
the Midland plant Wehrly is well known in Quality the Society. Richard J. Zerveck has been named to the 
Control circles and is currently serving as chairman of post of Manager of Quality Control at Ontario, replacing 


the Chemical Division of ASQC Mr. Lew 








Psbl: | On matters concerning the Bib 
liographt Jepartmen send cor 
l tograp Y ré tn i A cane os yom and 


mtributions to 


J ose ph Mor $ hin 
JOSEPH MOVSHIN, Editor 9220 Old Bonhomme 
Assisted by the Editorial Committee, St. Louis Section, ASQC St. Louis 24, Mo 











APPLICATION— Statistical Quality Cor ol i cientifie status. know-how in itself 
CHEMICAL INDUSTRY presented as a tool which may bi does not guarantee an effective 
STATISTICS SLASH REJECTS applied to a fractionating tower to quality ec ntrol program The « 
(Chemical Week—v. 75. n. 25. Der reduce quality product variability tablishment of responsibility for 
18, 1954, p. 80) The fact that fewer proce: ad the many aspects of quality control 
This article very briefly dis justments are necessary when the throughout he organization are 
cusses the savings made by the process is in control tressed an important element in the ove 
application of statistical quality Figures showing control charts {i all program. The author discus 
control in Dupont’s Kinetic Chem- iverage and range and moving the relative areas of activity 
ical Division ranges are shown management, technical and ope 
ating levels in general terms and 
APPLICATION— ANALYSIS OF VARIANCE discusses how responsibility ma 
PETROLEUM INDUSTRY STATISTICAL EXPERIMENT IN divided between the area ol 
STATISTICS FOR EVERYDAY PLASTIC FABRICATION, by Ed f~now-how Know-when and 
USE, by C. T. Shewell (Humble win C. Harrington (Manager of e” and “Know why 
Oil & Refining Co., Baytown, Tex Industrial Statistics Monsanto 
as) Chemical Company) . . 
(Petroleum Processing—v. ‘ (Society of Plasti Enginee ment, The area of “Know-how 


Apr. 1954, p. 524) Journal—yvy. 11, n. 6, June 1955 a technical group and the area ol 
19) Know vhen and where is the 


ation of statistical and othe 


ny l top 


This article is the first in the s« p 
ries describing nine statistical tech Discusses 2 
niques and their applications in the statistical experiments and inter 
petroleum processing industry pretation of variants. Analysis of a 


x 2 factorial type ol appil 
tech que im the operating a 
partment This article discuss« 


7 ( ' 1 general ter 
Three techniques are discussed in typical case is followed through to th n in general term 


al 


this first article of the series. These illustrate the technique = « mploye d the foun operation 


are measures of central tendency Torque strength of molded pieces 


PINNING DOWN QUALITY RE 
SPONSIBILITY, by Norbert Llo 
Enrick 


(Modern Textil Magazine 


measures of dispersi ym. and the is used as the example 

question of discarding bad data For other articles in this series 
The basic frequency distribution see the July 1955 Bibliography 

is presented. Examples of prob- ——— =< Et, Fe n. 6, June 1955, p. 50) 
lems are given. A table is provided MANAGEMENT & PERSONNEL, 

whereby the probability of indi- GENERAL Thi artic the hifth wu th 
vidual extremes belonging to the WHO SHOULD BE RESPONSI eri stre *s the importance ol 
given popul ition may be esti BLE FOR QUALITY CONTROL’ establishing imary respon ipilit 

mated by Kenneth M: Smith (Foundry for quality and of following 
STATISTICAL QUALITY CON Consultant) through to see that this responsi 

TROL, by John F. Walter (Uni- (Foundry v. 83, n. 7, July 1955 p bility is met Special form are 
versity of Pittsburgh, Pittsburgh 125) hown to clearly define authority 
Pa.) While the application of statis and responsibility and for follo 

(Petroleum Refiner—v. 3: tical methods have developed ip to measure quality. Centralize 
Feb. 1954, p. 149) Quality Control to essentially a irveillance to continuously watch 
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overall quality performance is 
used. A quality bonus system for 
operators in the textile industry is 
also discussed 


INDUSTRIAL MANAGEMENT 
ENGINPFERING ECONOMY AND 
OPERATIONS RESEARCH, by L 
G. Mitten (Assistant Professor of 
Industrial Engineering, The Ohio 
State University) 

(Journal of Engineering Education 

v. 45, n. 7, Mar. 1955, p. 560) 
This article discusses the rela- 
tionship between engineering econ- 
omy and operations research. These 
are compared on the basis of pur- 
pose, methodology, and techniques 

It is the writers opinion that the 

techniques of operations research 

may become important tools of engi- 
neering economy. In developing this 
idea, the author discusses the idea 
of model construction and criteria 
measurement 
A STATISTICAL MODEL FOR 
TIME STUDY, by H. P. Edmund- 
son and R, T. Nelson 
(The Journal of Industrial Engi- 
neering—v. VI, n. 3, May-June 
1955, p. 6) 
This article proposes the use of a 
statistical model as the basis for 
time study evaluation techniques 


This is based on the ideal that the 
speed-rating factor and the actual 
performance time are to be con- 
sidered random variables, depend- 
ent upon chance occurrence at the 
moment of observation. The three 
factors, or parameters, influencing 
the study are the operator, the ob- 
server, and the actual time for a 
given operation, A probability dis- 
tribution is developed using these 
factors. The observed times are de- 
termined from what amounts to a 
scatter diagram and line of re- 
gression of the data by a sample 
technique described. 

MATHEMATICAL PROGRAM- 
MING AS AN AID TO DECISION 
MAKING, by Gifford H. Symonds 
(Chairman, Operations Research 
Sub-group Esso Standard Oil 
Company, Linden, New Jersey) 
(Advanced Management—v. XX, 
n. 5, May 1955, p. 11) 

The author describes in detail 
the mathematical models used in 
several operations research ap- 
proaches are graphically illus- 
trated in a series of charts pre- 
senting the relationship of vari- 
ables in various types of problems 
The material is presented in terms 
of a “scientific method” approach 
to several typical problems 
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MISCELLANEOUS 


TESTING AND INSPECTION 
1855-1955 

(The Iron Age—v. 175, n. 27, June 
1955, p. K-2) 

This issue of The Iron Age has 
as its theme “100 Years of Metal- 
working.” Section K reviews the 
past development of testing and in- 
spection equipment and methods 
in the metal working industry and 
continues with the description of 
modern technical equipment. The 
future is then briefly discussed in 
two major aspects, the use of auto- 
matic inspection equipment and 
quality control 


STATISTICS 


ESTIMATION OF THE PARAM- 
ETERS OF A SKEWED DIS- 
TRIBUTION BY LINEAR SYS- 
TEMATIC STATISTICS, by A. E 
Sarhan 

(Journ. Am. Stat. Assoc.—v. 50, n 
269, Mar. 1955) 

TABLES OF PERCENTAGE 
POINTS FOR THE STUDENT- 
IZED MAXIMUM ABSOLUTE 
DEVIATE IN NORMAL SAM- 
PLES, by Max Halperin, Samuel 
W. Greenhouse, Jerome Cornfield 
and Julia Zalokar 

(Journ. Am. Stat. Assoc.—v. 50, n 
269, Mar. 1955, p. 185) 
MISCLASSIFICATION IN 2 x 2 
TABLES, by L. Bross 
(Biometrics—v. 10, Dec. 1954, p 
478) 

A 2 x 2 FACTORIAL WITH 
PAIRED COMPARISONS, by R 
M. Apelson and R. A. Bradley 
(Biometrics—v. 10, Dec. 1954, p 
487) 

SIMPLE SEQUENTIAL PROCE- 
DURE FOR TESTING STATIS- 
TICAL HYPOTHESES, by C. K 
Tsao (Annals of Math. Stat.—v 
25, Dec. 1954, p. 687) 


ERRATA 
Following publication of the 
“Clarification and Further Com- 
ments on the “Use of the Range 
in Comparing Variabilities’” by 
Acheson J. Duncan (IQC, May 
1955, p. 70) the following errors 
were discovered 
1. Column 2, line 12 
s* > (X — X)*/k(n — 1) 
should be 
s? > (X — X)*/(kn — 1) 
2. Column 3, line 20 
s* = (X — X)*/k(n — 1) 
should be 
s? > (X — X)*/(kn — 1) 
3. In the footnote at the end 
the left-hand term of the 
Nx, should be Ny, 
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MEAN AND COEFFICIENT OF O. Hartley, and E. S. Pearson 
VARIATION OF RANGE IN (Biometrika—v. 41, Dec. 1954, p 
SMALL SAMPLES FROM NON- 182) 

NORMAL POPULATIONS, by D DISTRIBUTION OF RANGE IN 
R. Cox CERTAIN NON-NORMAL POP- 
(Biometrika—v. 41, Dec. 1954, p ULATIONS, by H. A. David 

169) (Biometrika—v. 41, Dec. 1954, p 
DISTRIBUTION OF THE RATIO 163) 

IN A SINGLE NORMAL SAM- 

PLE. OF RANGE TO STANDARD OPERATIONS RESEARCH 
DEVIATION, by H. A. David, H QUEUEING THEORY, by Willian 





Whats Vlew 7 


ROY A. WYLIE, Editor 


T. Morris (Instructor, Department 
of Industrial Engineering, Ohio 
State University) 

(The Journal of Industrial Engi- 
neering—v. VI, n. 3, May-June 
1955, p. 26) 

This article describes the mathe- 
matics involved in the probability 
of the queueing theory and de- 
velops operating equations for the 
use of this technique 





News releases describing new 
products and literature should be 
sent to 

George R. Foster, Mng. Ed. 
Room 6123 Plankinton Bldg 
161 W. Wisconsin Ave 
Milwaukee 3, Wis 
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voltage measurements to 750 volts 
and current measurements to 75 
milliamperes. The net price of this 
instrument is $71.50. Bulletin BF 
70 available from the manufacturer 
describes the instrument in detail 


The Cornell-Dubilier Electric 
Corp., South Plainfield, N. J., an 
nounce their new deluxe Model BF- 
70 Capacitance-Resistance Analyzer 
for industrial testing purposes. Thi: 
ten pound portable instrument 
quickly and accurately measures the 


important characteristics of essen- 





tially all types of capacitors and re- 
sistors. The principal feature is a 
direct reading calibration scale to Sound measurement and analysi 
provide simplified measurements has been simplified by the recently 
without the use of mutipliers o1 developed Third Octave Spectrum 
charts. The Model BF-70 locates Analyzer Model BL-2109, distributed 
capacitor opens, shorts and inter- in the U.S.A. and Canada by the 
mittents; high and low capacities Brush Electronics Company, 3405 
and detects high leakage and high Perkins Avenue, Cleveland 14, Ohio 
power-factor in electrolytic capaci- This instrument provide physical 
tors, as well as low insulation resist- measurement data that is easily cor 
ance in paper, mica and ceramic related to subjective tests for loud 
dielectric capacitors. It is also pos- ness of sound or the intensity of vi 
sible to make sensitive Capacitance bration through the use of a narrow 
measurements between wires and frequency band analysis. The Third 
shielding: transformer windings Octave Spectrum Analyzer works in 
cable wire and other similar condi- the range of frequencies from: 35 to 
tions. The built-in panel meter is 18,000 cycles per second. Through 
arranged for independent external the use of 27 fixed one-third octave 
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band filters with the associated low 
noise, high-gain amplifiers the in 
trument affords either manual or 
automatic switching, with the anal 
ysis data being read from a metet 
or graphically recorded through a 
connection to the Level Recorde: 
Model BL-2304. Also available is a 
console combination of the Third 
Octave Spectrum Analyzer and the 
Level Recorder. The combination i 
designated Model BL-2311 Third 
Octave Spectrum Recorder The 
combination permits the automatic 
third octave analysis and simulta 
neous recording of the information 
on a frequency preprinted chart 
The chart gives a complete analy 
is of amplitude versus each one 
third octave band of frequencies 
with an overall level shown at the 
end of the filter scanning. The auto 
matic feature makes possible a con 
tinuous monitoring of noise levels 

the analysis being recorded 

eliminating the necessity for 


onnel being in attendance 


- oe ey 


George Scherr Optical Tools Inc., 
200 Lafayette Street, New York 12 
N. Y., have just announced that they 
can now offer a complete line of 
Toolmaker Microsc opes starting 
from a small instrument with a 1.5 x 
2 inch range up to the largest avail 
able anywhere (8 x 40 inch range) 
The new addition to the line is the 
Scherr Toolmakers Microscope, a 
completely universal, yet econom 
cally priced instrument. The new 
Toolmakers Microscope permit 
measuring of co ordinates to 0.0001 
inch, angles to one minute of are, in 
addition to radii, concentric cirel 


crew threads, etc. For economy in 














production, the stand itself is manu- 
factured in New York, the optics be- 
ing furnished by the optical firm of 
E. Leitz, Wetzlar (Western 
Zone) Germany. The measuring 
stage has a range of 1.5 x 2 inches 
with 1 inch micrometer drums read- 
ng in 0.0001 inches. Additional 
movement in both directions is ob- 
tained by the use of Gage Blocks. An 
unusual feature of this instrument is 
the ability to interchange 
very quickly and a variety of ocula: 
heads available for angular 
measurements to one minute of ar« 


Inc., 


oculars 
are 


concentric circles; and screw threads 
in addition to standard hairline cross 


oculars 


6 oS 


“On the spot” balancing can be ac- 
complished by anyone with the new 
Portable Balancer’ recently 
veloped by the Tinius Olsen Testing 
Machine Company, 348 Easton Ruad, 
Willow Grove, Pa. The self contained 


unit provides a means for balancing 


de- 


any part which may not be handled 
economically in a precision type bal- 
ancing machine. It is especially use- 
ful for large parts and provides a tool 
s® that a complete vibration analysis 


necessary cables. Additional infor- 
mation is available from the manu- 


facturer 
a. 6S 

Size Control Company, Division of 
American Gage and Machine Com- 
pany, will display new low cost mater 
ring gages within +0.0002 
inches of any specified size—at Booth 
417, Machine Tool Show in Chicago 
Sept. 6-17. The Boremaster gage is 
used for gaging and setting indicat- 
ing bore gages and inside microm- 
eters. The exact size is shown on the 


made 


master to four decimal places and 
the ring is accurate to 0.0001 inches 
in roundness, straightness, and taper, 
non-accumulative. Rings are avail- 
able from 0.1870 to 3.000 inches and 
AGD 


are 


larger available in 


tolerances 


sizes are 
Boremaster rings 


made from tool steel which has been 


hardened and stabilized. The finish 
is honed 4 to 6 microinches and 
prices range from $7.90 in 0.187 


0.240 inches up to $35.40 in 2.510 
3.000 
furnished in a 4-page “Boremaster” 
bulletin available from the manu- 
facturer at 2500 W. Washington 
Blvd., Chicago 12. Il 


inches. Complete details are 





as well as dynamic balancing can be 
done easily yet accurately. The ma- 
chine is capable of balancing parts at 
speeds of 250 RPM. The angular lo- 
cation and the amount of correction 
weight required in two selected cor- 
rection planes are determined with- 
out guesswork. The entire unit is 
housed in a light weight 
case and consists of one inertia type 
pickup, a stroboscope light, an am- 
with range switch and all 


carrying 


plifier 


38 


Federal Products Corporation, 1144 


Eddy 


now 


Street, Providence 1, R. L, is 
manufacturing a new gage for 
checking surface flatness. This gage, 
designed as Model A-582 B-4, has 
two essential parts. One is a Federal 
Dimensionair Air Gage, equipped 
with a universal Air Gaging spindle 
known as the AirProbe. The second 
part is a Rahn, Black Granite Sur- 
face Plate. The standard plate is 12 x 
12 x 3 inches with a guaranteed ac- 





0.000050 inches for any 
Plates of other 
furnished on 


curacy of 
2 x 2 foot area 
or accuracies will be 
request. The AirProbe is set into the 
center of the surface plate so that the 


51zes 


contact point extends slightly above 
the surface. A three-foot plastic hose 
connects the AirProbe with the Di- 
mensionair so that the dial may be 
positioned in a convenient location 
In checking flatness a part is placed 
on the 
across the contact point. Any varia- 
tion in the surface will depress the 
spindle a different amount and the 
difference can be read on the Di- 
mensionair Dial in increments of 
0.009050 or 0.000020 inches 
ing on which model Dimensionair is 
used. AirProbes can be supplied in 
ranges of 0.003, 0.006, 0.015 and 0.030 
tolerance 


surface plate and moved 


depend- 


inches to suit various 
ranges. The addition of longer con- 
tact points to the AirProbes enables 
the gage to be used as a height or 


depth gage 





Instrument Corpora- 


Technology 
tion of Acton, Mass 
Type 800-A Vacuum Voltmeter for 
extended-range 
and current 


announces the 


resistance, 

The in- 
strument combines the inherent ac- 
curacy of the 
a highly degenerative amplifier cir- 


voltage, 
measurement 
with 


basic voltmete: 


cuit. Combined with the further 
improvement of developing the 
feedback voltage across a _ single 


precision resistor, the degenerative 
network previously un- 
achieved stability. The circuitry of 
the 800-A provides this long-term 
stability by elimination of the tube- 
aging and the effect of 
fluctuations of the meter’s copper- 
wound resistance 
perature and manufacturing varia- 
tions. The instrument is 
for rugged field 
precision laboratory work. AC volt- 
ages the fre- 
quency range from 15 cps to 100 m« 


provides 


problem 


coil due to tem- 
designed 
duty as well as 


may be read over 
on eight full scale ranges of 0.1 to 
300 volts: nine DC 
from 0.1 to 1000 


on a single scale calibrated from 0.2 


scales 


voltage 


volts: resistances 
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to 500 ohms with nine multipliers 
from X0.1 (0.02 to 50 ohms) up to 
X10 meg 


and nine 


(2 to 5000 megohms); 
direct-current, full-scale 
ranges from 0.001 microampere to 
100 milliamperes. Input impedance 
for DC Its is 100 megohms; for 
AC volts, probe input capacitance is 


5uuf. and 10 meeohms (nominal) at 


lowe! Trequencies for direct cur- 


rent, input impedance 1s such that 


input voltage drop is 0.1 volt at full 


scale on all ranges. Size of the unit 
is 7 x 7 x 9 inches and weight is 


1] by lbs 


Unit Process Assemblies, Inc., 75 
East 4th Street, New York, N Y 
has announced a non-destructive 
thickness tester for the metal finish- 
ing industry The unit will test 
thickness of 


metals, metals on non-conductors 


metals deposited on 


and non-conductors on metals It 


will accurately give direct readings 


of thickness of virtually any coating 
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on any base, including silver on 
brass, copper on die-castings, nickel 
on brass, metallizing on plastics, o1 
metallic coatings on ceramics. The 
electronic unit is compact and port- 
able, permitting use in almost any 
location. Thicknesses are read di- 
rectly from the instrument, and are 
determined in a matter of seconds 
* * * 





Sunshine Scientific Instrumem 
Company, 1810 Grant Avenue, Phil 
adelphia 15, Pa 


non-destructive coil turn 


announces a high 
accuracy 
counte! The coil turn counter 


quickly measures the number of 
turns on coils wound on non-mag- 
netic forms with an accuracy of 0.1 
percent It is available in three 
models with ranges 0-11,110; 0-31 
110: and 0-61.110 turns. The coil to 
be tested is placed over a test rod 
and its turn count compared with a 
standard coil mounted within the 
equipment. The instrument operate 
from a 115 volt 60 cycle source and 
reads directly in number of turns 
A wide range of coil sizes may be 
tested. Catalog No. 16 describing 
this instrument in detail is availabl 
from the manufacture: 
7 * * 
A portable laboratory model 
Turba-Film 


plant and quality control study of 


Evaporator lor pilot 


the unit operations of evaporation 
single step distillation, deordoriza- 


tion, heating, cooling, or other heat 


treatment is now available from 
Rodney Hunt Machine Company, 
Orange, Mass. The evaporator is 
built of type 316 steel 
is designed for the 


stainless 
throughout and 
use of heating mediums up to 250 
psig and 700° F. The heat transfe1 
area is one square foot. The con- 
denser is a vapor-in-tube unit of 
316 stainless steel in contact with 
The surface con- 


process vapol 


denser 


handling the 
which 


provides for 
maximum amount of vapo! 
can be generated from the evapora- 
tor, at cooling water temperature 
of 60° F. Auxiliary 
be provided for supplying water at 


34° F A variable 


speed drive is arranged to permit 


facilities can 
to the condenser 


rotor speed changes as required for 
technical studies. The Turba-Film 
Evaporator can be supplied as an 
individual unit with stand or with 
auxiliary condensing equipment, o1 
as a complete packaged plant in- 
cluding vacuum equipment, feed 
pumps, discharge pumps, and in- 
struments as required, The evapora- 
tor concentrates, distills, deodorizes 
degasses, deaerates, heats, cools o1 
otherwise processes liquids, gases 
and sluries in a few seconds by 
continuous operation. The evapora- 
tor is capable of removing as much 
as 5,000 pounds of water per hou 
It is designed to handle organic and 
inorganic chemicals, solvents, lat 
ices, pharmaceutical “mycins”, vita 
mins, juice concentrates, edible oils 
gelatine, glues, confectionaries, cof 
fee and detergents 
* * ®* 

New Literature 

An 8-page illustrated bulletin on 
applic ations of master balls in tool 
room and production gaging is an- 
nounced by Industrial Tectonics 
Inc., 3684 Jackson Road, Ann Arbor 
Mic h Topic S covered in lude cher k 
ng depth of drilled holes; checking 
angle and diameter of internal tap 
ers and locating the apex of the 
cone measuring the diameter of 
cylindrical holes using two and four 
balls, and more than 50 equations 
are given for these and related ap 
plications together with explanatory 
drawings and examples 

Petz-Emery Inc. has released a 
four-page bulletin No. 455 on its 
Em-re”’ Dial Indicators. The indi 
cators are fully jeweled, completely 
shock -proof anti-magneti have 
instrument gearing, no-glare bezel 
and are of simple construction and 
light-weight. The complete line of 
24 models is built around 31 part 
All but six parts are common to all 
models. The bulletin is available 
from the manufacturer at Pleasant 


Valley, N. Y 











(Continued from page 1) 

As a member of the quality control 
staff could you help the inspection de- 
partment select a gage from company 
x, y, or z? You should be able to be- 
cause this is a decision to be made and 
SQC is a decision tool. Could you as- 
sist the design engineer in selecting a 
particular type and supplier of materia! 
for a new part he is working on? You 
should be able to convince him that 
your assistance would help. This is a 
decision to be reached. If your tooling 
or production department were getting 
ready to buy a new mill or profiler or 
bottling machine or what have you, 
would you be ready to offer advice on 
the selection of the particular one? No? 
Why not? SQC is a sharp decision tool 
and this is a very important decision to 
be reached. A poor machine could cost 
your company many thousands of dol- 
lars each month on scrapped and re- 
worked parts 

Many of you are hard at work, of 
course, on vendor certification pro- 
grams of one kind and another, others 
are being asked to certify the purchase 
of parts and production equipment after 
the purchase has already been nego- 
tiated. Wouldn't it be much wiser, less 
expensive, and much easier on every- 
one’s nerves if you offered the services 
of SQC before the fact—at the time 
the decision is being reached? SQC is 
a great decision tool and you are the 


man who knows how to apply it 
GRF 





Metropolitan Section Contributions 
The Metropolitan Section recently 
contributed $50.00 to the Brum- 
baugh Award Fund and a like 
amount to the Shewhart Medal 
Fund. The Executive Secretary 
acknowledges these contributions 
and expresses the thanks of the Offi- 
cers and Directors of the Society. 





POSITIONS WANTED 
Address all replies to box number references 
to: American Society for Quality Control 
Room 563, 50 Church Street, New York 7, 
N.Y 


FIELD QUALITY REPRESENTATIVE 
will cover New York, Conn., R. L, and 
Maas. for mechanical, electrical, and 
chemical products. Industrial manage- 
ment degree, college Q. C. and statistics 
Senior member ASQC, 10 years indus- 
trial quality experience. Please reply to 
Box 12B1 at the above address 


QC ENGINEER desires management 
position, Age 28; four years experience 
as supervisor controlling packing equip- 
ment by SQC methods. Have also de- 
veloped and implemented production 


efficiency methods. BS. degree, pre- 
engineering and majored in statistics 


for QC. Please reply to Box 12B2 at 
the above address 


40 





POSITIONS AVAILABLE 
Address all replies to box number references 
to: American Society for Quality Control 
Room 563, 50 Church Street, New York 7, 
N.Y 


STATISTICIANS WANTED 
Progressive and Expanding Chemical 
Company has openings for Statisticians 
with interests and experience in the 
Physical Sciences. Bachelors Degree or 
equivalent in Chemistry or Engineer- 
ing, and graduate work in Statistics or 
experience in experimental design and 
Work affords 


application of a variety of statistical 


analysis of physical data 


methods to research, development and 
production problems, such as design 
and analysis of experiments and sam- 
pling programs, quality control, de- 
termination of physical and economic 
optimum conditions. Excellent oppor- 
personal growth and ad- 
Please reply to Box 12P1 


tunity for 
vancement 


at the above address 


GLASS CONTAINER MANUFAC- 
TURER has an opening for a young 
man in quality control work. Experi- 
ence desirable but not essential. Age 
25 to 30. Reply in confidence giving 
background in detail and salary ex- 
pected. Please reply to Box 12P2 at the 


above address 


QUALITY CONTROL MEN needed in 
new Electronic Components Depart- 
ment, should have B. S. degree with 
experience in electronics or chemical 
processing using statistical techniques 
Located in Finger Lakes region, up- 
state New York. 


confidence with salary expectations to 


Forward resume in 


Personne! Department, General Electric 
Company, West Genesee St. Rd., Au- 
burn, N. Y 


QUALITY CONTROL SUPERVISOR 
Progressive growing company in desir- 
able western New York location has 
excellent opening for chemical, mechan- 
ical or industrial engineer to organize 
and head up quality control program 
A minimum of five years experience in 
quality control and inspection desired 
including working knowledge of sta- 
tistical quality control. Please reply to 
Box 12P3 at the above address 


WANTED @. C. ENGINEER 

To supervise quality control inspection 
in the Hartford, Conn. area for national 
organization marketing proprietary fast- 
ener products. Good opportunity in an 
expanding organization. Salary open 
subject to experience and background 
Please reply to Box 12P4 at the above 
address 


INUUSTRIAL QUALITY CONTROL 


CONSULTING SERVICES 
Responsibility of the American Society 
for Quality Control, Inc., for Consulting 
Services advertising is limited to cer- 
tification that advertisers hold the grade 
of membership in the Society stated in 
their advertisements. Qualification re- 
quirements for the several grades of 
membership are set forth in the Con- 
stitution of the Society 





Consulting Services in Quality Control 
RALPH E. WAREHAM 
Fellow, ASQC 


122 Orchard Ridge 
Chappaqua, New York 


Telephone 
Chappeque 1-0715 








Quality Control Consultant 


HARMON 5S. BAYER 
Fellow, ASQC 


1154 Book Building 
Detroit 26, Michigan 


Telephone 
WOocdward 5-3796 








QC Planning Defect Prevention 
LEONARD A. SEDER 
FELLOW, ASQC 


267 HAWTHORNE ST. 
MALDEN, MASS. 
MAlden 4-5446 








Organizing for Quality Training 
Mechanical - Management - Electronic 
Process - Design - Quality Control 
Investigations - Appraisals - Reports 
JOHN |. THOMPSON & COMPANY 
ENGINEERS 


921 17th St. NW, Washington 6, D.C 
Jr., Vice-President 
Senior Member, ASQC 
Laboratory Division: Bellefonte, Pa 








Statistical Methods inepection Surveys 


BERNARD HECHT 
Quality Control Specialist 
Serving industry on East and West Coast Areas 


Senior Pounding Member ASQC 
Mew Gostore Office Western Office 


Sune 16” St. Nw S410 Wilshire Siva 
Waen .. o “ Les Angeles 36. Calif 
ABaems 46711 we oa: 








Management Controls 


POUNDED IN 1945 
References and Literature on Request 


699 Rose Ave. 
Des PLatnes, ILL 
Vanderbili 4-6533 


Senior Partner: 
W. E. JONES 
Fellow, ASQC 








It Pays to Purchase 
Quality-Controlled Products 
from IQC Advertisers 
When Replying to Ads 
Please Mention IQC 
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